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Preface
The occasion of Anne Kox reaching retirement age has inspired his colleagues
and friends to put together this collection of studies devoted to the history of the
natural sciences between 1850 and 1950, with a special focus on twentieth century
physics research in the Netherlands. You will enjoy the keen insights articulated
by some of the best experts on the history of modern science. Among the con-
tributors to this volume are several of the students that Anne coached during their
PhD studies.
As a long-term colleague of Anne Kox at the Institute for Theoretical Physics of
the University of Amsterdam (ITFA), I have greatly appreciated his scholarly and
authoritative knowledge of the history of science, often learning from him some
of the subtleties in historical accounts that those who are less well informed tend
to oversimplify or ignore. The close connections that Anne has maintained with
the Stichting Pieter Zeeman-Fonds have been highly valuable for the educational
programmes of our university’s Faculty of Science. Through his courses, aimed at
students in both the Science and the Humanities Faculties, Anne has enlightened
generations of students with an interest in the history of science.
In my present role as Dean of the Faculty of Science, I wish to thank Anne for his
many contributions and for his inspiring presence in our midst.
Kareljan Schoutens
Professor of Theoretical Physics
Dean of the Faculty of Science
University of Amsterdam
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Introduction
Over the course of his career, Anne Kox has developed a wide range of profes-
sional interests, in the Netherlands as well as abroad. It is no surprise that the
varied circle of colleagues that Anne Kox has gathered around himself over the
years reflects his own varied professional interests. This is definitely the case for
the group of close colleagues who have contributed to this volume. As a result,
Albert Einstein and Hendrik Antoon Lorentz, the two towering figures in the his-
tory of theoretical physics to whom Kox has devoted a large part of his career,
inevitably play a prominent role in several chapters in this volume.
Indeed, they are both among the main protagonists in Michel Janssen’s chapter
about Fresnel’s ether drag coefficient. Fresnel introduced the ether drag coeffi-
cient to explain why the earth’s motion through the luminiferous ether, the me-
dium that was thought to carry light waves, is not detected in experiments on the
refraction of light. Attempts to provide a dynamical model for Fresnel’s ether drag
failed until Lorentz finally created such a model in the context of his microscopic
elaboration of Maxwell’s electromagnetic theory. Eventually, Laue derived the
Fresnel drag coefficient from Einstein’s special theory of relativity. He showed
that it is a direct consequence of the relativity of simultaneity. With this purely
kinematical account, the Fresnel drag coefficient became detached from any dy-
namical model rooted in the physics of light in transparent media.
In the study by Van Besouw and Van Dongen about the perception of the theory
of relativity in the Netherlands, Einstein and Lorentz are also prominent. The
authors identify several reasons why relativity generated a primarily positive re-
sponse in the Netherlands. One of these was the great reputation and influence
of Lorentz and other Leiden physicists, who were instrumental both in the gen-
esis and in the popularization of the theory of general relativity. Another reason
was Einstein’s internationalist and pacifistic attitude, which resonated well with
Holland’s self-image as a country with an internationalist outlook and as a pro-
moter of international peace. Van Besouw and Van Dongen show, most of all,
that social or personal interests that lay outside the field of physics often deter-
mined the perception of relativity among the theory’s proponents as well as its
modest number of adversaries. The theory of relativity even played an important
role in debates concerning the epistemological foundations of the Dutch educa-
tional system.
In their elegant chapter, Diana Buchwald, Jürgen Renn, and Robert Schlögl
discuss the scratch notebook Einstein used between 1910 and 1913, during the
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fascinating period in which he laid the foundations for his theory of general rela-
tivity. The notebook offers a revealing insight into the daily life of Albert Einstein
in those years. He appears to have been a far cry from a scholar working single-
mindedly and in isolation on his magnum opus. On the contrary, he engaged in
experimentation and in physical chemistry, travelled, visited fellow scientists, and
apparently developed his cutting edge ideas in a lively interaction with his scien-
tific contacts. And what does the scratch notebook reveal about the unknown fate
of Einstein’s daughter Lieserl?
Albert Einstein and Hendrik Antoon Lorentz shared a similar attitude towards
their scientific activities. First and foremost they worked as ‘fundamental’ physi-
cists, for whom nothing else counted than to unravel the secrets of nature. In-
deed, their research was their ruling passion. As a colleague stated, Lorentz con-
ducted his research ‘as a bird sings his song’;1 it was ‘the great fulfilment of his
life’.2 Yet, Lorentz also fulfilled his social duties and applied his skills in mathe-
matics and physics for the well-being of his countrymen. The clearest example of
this commitment is his extensive work on the calculations for the Afsluitdijk, the
dike that transformed the Zuiderzee into a lake.3 Einstein was even more involved
in practical matters, as historians in recent years have increasingly realized. Even
though he was not always successful, throughout his life he engaged enthusiasti-
cally in experimentation, engineering and inventing.4 For these great scientists
physics was their calling, but they realized that their intellectual skills should also
serve society on a more practical level.
The contributions in this volume, however diverse in topic and approach, cover
more or less the same period, roughly between 1850 and 1950, and focus for the
most part on Dutch science. This is the period in which the research university,
where research is a full-fledged activity side by side with education, became an
established phenomenon. In the first half of the twentieth century the fundamen-
tal sciences and their practitioners had acquired an almost inviolable position,
both within the universities and in society at large. Yet, the contributions in this
volume show that even during this heyday of ivory tower-science, scientists could
not escape the outside world – even if they wished to do so.
A case in point is presented in Dirk van Delft’s chapter about the remarkably
stubborn resistance of Kamerlingh Onnes and his successor Willem Keesom to
the International Temperature Scale of 1927. This convention replaced the obso-
lete temperature scale introduced in 1887, and it ended the use of different tem-
perature scales, a practice that everybody agreed was undesirable. The Leiden ob-
jections were apparently of a purely technical nature. Yet, as Van Delft points out,
underneath the factual discussions was a principled difference between national
calibration institutions, which increasingly kept an eye on industrial interests, and
scientific institutions like the Leiden physics laboratory, where only fundamental
scientific standards counted. To the regret of Keesom, scientific precision lost out
to industrial pragmatism.
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Keesom was not Kamerlingh Onnes’ only successor. He shared the directorate
of the Kamerlingh Onnes Laboratory with Wander de Haas. In his contribution,
Maas describes the research of De Haas and his collaborators with the huge elec-
tromagnet that was installed in 1932. As in the case of Van Besouw and Van
Dongen’s study on relativity in the Netherlands, a gap can be observed between
professional and public perceptions of science. With the large magnet and the
cryogenic installation De Haas established spectacular cold records that made
him a successful scientist in the eyes of his countrymen. In their scientific prac-
tice, however, De Haas and his collaborators missed the main discoveries in their
field of research and gradually the Leiden laboratory lost the leading position in
cryogenics it had acquired in the times of Kamerlingh Onnes. The story of De
Haas is, above all, about how much of a burden the reputation of a great scientist
like Kamerlingh Onnes can be for his successor.
Where did Kamerlingh Onnes’ method of precision measurements, which ac-
cording to Maas weighed heavily on the adventurous experimentalist De Haas,
actually come from? Frans van Lunteren conjectures in his chapter that the disci-
pline of physics as it emerged in the nineteenth century was strongly influenced
by astronomical practices, methods and values. Scientists like Laplace in France,
and later Gauss and Bessel in Germany, and in particular Kaiser, Bosscha, and
Kamerlingh Onnes in the Netherlands transferred empirical and mathematical
methods to physics that had first been developed and used by astronomers –
such as the ethos of precision measurement. De Haas no doubt will have re-
gretted this. Yet, in this case too, scientific developments did not unfold in com-
plete isolation. Precision measurements were, for instance, introduced partly in
response to the needs of modern industry and society.
The mathematician Korteweg, a key figure in Dutch science in the decades
around 1900, took his social responsibilities more than seriously. As Bastiaan
Willink reveals, Korteweg’s manifold social engagements were an important rea-
son why he and his student Gustav de Vries failed to digest the work of Boussi-
nesq, who had already found a result identical to the one De Vries worked out in
his dissertation, which is nevertheless known nowadays as the Korteweg-De Vries
Equation. Willink offers us a penetrating insight into the personalities of Korte-
weg and De Vries and meticulously reconstructs the trials of writing the disserta-
tion.
Between 1948 and 1954 some of the most reputable Dutch scientists became
involved, somewhat against their will, in research on dowsing and earth rays.
They became members of a committee formed by the Royal Netherlands Academy
of Arts and Sciences, which had been alarmed by the growing belief in earth rays
among parts of the population. Protection boxes to ‘annihilate’ these rays were
sold widely. Jan Guichelaar’s sometimes hilarious account of the investigations
by this Committee for Investigation of the Dowsing Problem and Earth Rays, ad-
dresses a topic that has, until now, received very little attention in historiography.
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However, not all scientists descended from the ivory tower only occasionally or
reluctantly. Pim Huynen’s main protagonist, Evert Cornelis van Leersum, convin-
cingly dedicated himself to social needs. After World War One, during which the
Dutch population had suffered food shortages despite the country remaining neu-
tral, this Professor in the Pharmaceutical Sciences and the History of Medicine
strongly felt an urge to ‘inform the public on the truths and myths of healthy
nutrition’. He resigned from his university chair to devote himself to establishing
a private institute for nutrition research and education: the Nederlands Instituut voor
Volksvoeding (Netherlands Institute for Public Nutrition). Although the initiative
never became a success, the story of Van Leersum, who was one of the first Dutch
scientists to explicitly turn to American scientific practices and values, provides a
wonderful example of a Dutch scientist who deliberately chose to devote himself
to practical science and the common good as early as the interwar period. In
short, if during this period there was such a thing as a robust ivory tower in the
metaphorical sense, it did have cracks and blowholes, as well as windows to look
at the world outside, and a ladder to get out.
Just like Van Leersum, Ernst Laqueur also turned towards applied science,
though perhaps more driven by personal ambitions than by idealistic motives.
Peter Jan Knegtmans’ biographical study of this entrepreneur-scientist reveals the
ambivalence within the academic community towards cooperation with the world
of industry and commerce. Laqueur, Professor of Pharmacology at the University
of Amsterdam, joined forces with Saal van Zwanenberg, the owner of a meat fac-
tory in the city of Oss. Together they founded Organon, a company that special-
ized in producing insulin on a mass scale, by extracting it from offal. Later, this
pharmaceutical company grew into a world player for the production of vitamin
pills, hormone-based drugs, and contraceptives. In Laqueur’s academic sur-
roundings, however, his commercial interests were regarded with distrust. As
Knegtmans penetratingly exposes, the leitmotiv in the professional career as well
as the personal life of the German Jew Laqueur, was that of forever being an out-
sider.
The contribution by Roger H. Stuewer, who is one of Anne Kox’ most esteemed
colleagues, is the final one in this collection, ending the volume on a personal
note. During October and November of 1998, Stuewer visited Amsterdam as Pie-
ter Zeeman Professor of the History of Modern Physics, at the invitation of Anne
Kox. In his account, Stuewer vividly describes his recollections of academic life at
the University of Amsterdam, Amsterdam city-life, and his experience with Dutch
hospitality.
We would like to conclude this introduction by expressing our gratitude to all the
authors. Without their enthusiastic participation we would never have been able
to publish this volume honouring Anne Kox on his retirement from the University
of Amsterdam. We would further like to thank the Institute for Theoretical
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Physics of the University of Amsterdam, the Stichting Pieter Zeeman-fonds, the
Stichting Physica, and the Einstein Papers Project at the California Institute of
Technology for their generous financial support. This shows, again, that
academic research cannot come to fruition in isolation from the outside world.
Notes
1. ‘Rede van prof. dr. H. Kamerlingh Onnes’ (1926), p. 32.
2. De Haas-Lorentz (1957), p. 22.
3. Kox (2007).
4. See in particular Illy (2012).
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1 Astronomers and the making of
modern physics
Frans van Lunteren
In later life, Hendrik Antoon Lorentz recalled that among his teachers at Leiden
University, it had been the astronomer Frederik Kaiser who had exerted the great-
est influence on him.1 Apparently, in this respect, Kaiser even surpassed the Lei-
den professor of physics Pieter Leonard Rijke. It is almost symbolic that Lorentz
later married Kaiser’s niece, Aletta Catharina Kaiser. Excluding the marital bond,
such moulding of budding physicists by Kaiser was by no means exceptional.
Lorentz’ physics teacher at his secondary school in Arnhem, Hendrik van de
Stadt, had also been inspired by Kaiser.2 Other well-known examples are Volkert
van der Willigen, Johannes Bosscha jr. and, probably, Johannes Diderik van der
Waals.3 This remarkable fact may be partly explained by Kaiser’s strong person-
ality and his powerful research ethos, which was rare among his Leiden collea-
gues. A different way to look at Kaiser’s influence, one that I would like to explore
in this essay, is to view it as illustrative of a more general nineteenth-century
pattern. This pattern amounts to a strong and persistent influence of astronomi-
cal methods, practices and values on the gradually emerging discipline of physics.
Whereas the role of physics in late nineteenth-century and early twentieth-cen-
tury astronomy has been widely recognized, historians have not yet systematically
explored the reverse influence of astronomy on physics. In this chapter, I hope to
develop a new and more general perspective on the relationship between the two
disciplines by discussing several prominent cases that show – or at least strongly
suggest – such an influence. The first part of the paper deals with developments
in France and Germany during the first half of the nineteenth century. It relates
the origin of new physical practices in both countries to the powerful influence of
Pierre Simon de Laplace, Friedrich Gauss and Friedrich Bessel. They played multi-
ple roles in this development. On the one hand, they pioneered new mathematical
and empirical methods in astronomy and in closely related fields such as geodesy
and metrology, usually with the aim of raising standards of precision. On the
other hand, they strove to transfer older and new – pedagogical as well research-
related – astronomical practices and methods to the field of experimental physics.
This field did not yet have strong foundations at the time and it lacked a strong
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disciplinary identity. The influence manifested itself most clearly and directly in
the work of younger collaborators, who would later put their own imprint on the
emerging discipline of physics.
The second part of the paper focuses on Dutch examples of such cross-disci-
plinary interactions, mainly in the second half of the century. Again we are con-
fronted with an astronomer, Frederik Kaiser, who strove to raise the standards in
Dutch astronomy and, in doing so, exerted a strong influence on young Dutch
physicists. Some Dutch physicists were even affected by both the German and the
Dutch routes to the new physics. Examples are the experimental physicists Heike
Kamerlingh Onnes and Herman Haga. The aim of this essay is to trace back to
earlier astronomical traditions – by way of continuous chains of personal influ-
ence – the novel practices and values among late nineteenth-century Dutch physi-
cists.
Early modern astronomy and physics
It is difficult to assess the traditional relationship between physics and astronomy
in a few sentences. Let us nevertheless start with some rough generalizations.
From classical antiquity through the early modern period, astronomy was gener-
ally regarded to be a part of mathematics. Before the nineteenth century mathe-
matics was a much broader category than its current disciplinary descendant. As a
method, rather than a topical field, it involved everything quantitative: everything
that could be counted, measured or weighed. In classical antiquity it encom-
passed arithmetic, geometry, statics, optics, astronomy, musical theory (or har-
monics) and even geography.4 In the medieval quadrivium, the four mathematical
subjects taught in the faculty of arts, astronomy was combined with arithmetic,
geometry and harmonics. In the Paris academy of sciences, astronomy belonged
to the mathematical section, together with geometry and mechanics. The physical
section consisted of the fields of chemistry, botany and anatomy.5
For more than two thousand years leading astronomers such as Hipparch and
Ptolemy in antiquity, Kepler and Galileo in the seventeenth century, and Bessel
and Gauss in the early nineteenth century, as well as their less prominent collea-
gues, were all considered mathematicians. As mathematicians they were prone to
dabbling in other mathematical fields, such as optics or geometry. It is telling that
Kepler and Galileo were both installed as ‘court mathematicians’ and that Gauss
is best known as a mathematician, or rather the ‘prince of mathematicians’. Only
in the nineteenth century did astronomy develop into an autonomous field or dis-
cipline. Of course, not every early modern mathematician was a practicing astron-
omer. Observational astronomy required access to an observatory, as well as skills
in handling instruments and analyzing data. Such skills were usually acquired
through an apprenticeship in an observatory. Yet, even those mathematicians
who did not work in an observatory came to regard astronomical problems de-
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rived from the mechanics of the solar system as the most challenging mathema-
tical problems. The three towering eighteenth-century mathematicians, Euler, La-
grange and Laplace applied their powerful mathematical techniques to the pertur-
bations of planets and satellites – especially the moon –, the motions of comets,
and the shape, precession and nutation of the earth.
Physics, on the other hand, was largely the modern offspring of early modern
natural philosophy, or experimental philosophy, as it was often labelled in the
eighteenth century. Indeed, the rise of experiment had changed natural philoso-
phy from an inclusive and literary branch of study into a far more restricted ex-
perimental field that eventually came to exclude the living world.6 However, be-
fore the late eighteenth century this experimental natural philosophy was
predominantly qualitative. Air pumps and electrical machines primarily served
for the production of novel effects, rather than for measuring them. Yet, during
the last three decades of this century there was a notable shift towards quantifica-
tion among physicists. The emergence of measuring instruments like the electro-
meter and the calorimeter went hand in hand with the emergence of quantitative
concepts. Experimenters learned to distinguish the quantity of heat, measured by
the calorimeter, from its intensity, measured by the thermometer, and likewise
the amount of electricity, or charge, from its intensity or tension, measured by
the electrometer. They also tried to relate the electrical and magnetic attractions
and repulsions to the distances between charged objects or magnets.7
Laplacian physics
The quantification of experimental physics made the field an easy target for math-
ematicians. Following the lead of the mathematician Laplace, several of his young
French protégé’s, mostly graduates of the École Polytechnique (Polytechnical School)
like Biot, Arago, Malus and Poisson, appropriated the field and subjected physical
phenomena to the regime of partial differential equations. Again, following La-
place, they often modelled these phenomena after Newton’s theory of universal
gravitation, which had earlier been applied with such success to celestial me-
chanics. To this end, they hypothesized a variety of weightless particles, or ‘im-
ponderables’, associated with heat, light, electricity and magnetism, all interact-
ing through central forces, either attractive or repulsive, and either long-range, or
short-range.8 What they were aiming to establish was what the chemist-historian
Merz, following Maxwell, has aptly called an ‘astronomical view of nature’.9 It is
telling that both Biot and Arago would become involved in astronomical research.
In 1804, Arago became Secretary of the Observatory and, in 1806, Laplace mana-
ged to bring both Biot and Arago into the Bureau de Longitudes (Bureau of Long-
itudes). Two years later he made a similar coup with Poisson, another protégé.
It is equally telling that Laplace had shown the way to the reform of physics in
his astronomical works, both in his Exposition de la Système du Monde and in the
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fourth volume of his Traité de Mécanique Céleste. In the first of these publications, he
connected optical refraction, capillary action, cohesion, crystallinity and chemical
affinity to a single attractive force between material particles, expressing the
hopes that along this way, ‘we shall be able to raise the physics of terrestrial
bodies to the state of perfection to which celestial physics has been brought by
the discovery of universal gravitation’.10 In the second work, he demonstrated the
fecundity of the model by developing mathematical equations for optical refrac-
tion and capillarity. Later he included magnetism, the behaviour of gases and
solid elastic bodies and heat flow in the range of phenomena that depended
upon such intermolecular forces. Inspired by his patron, Poisson extended the
use of potentials, which Lagrange and Laplace had earlier applied to astronomical
problems, from gravity to electricity. Even though Laplacian physics declined in
the years following the Bourbon Restoration, Laplace and his early followers in
the Société d’Arceuil had a lasting influence. By creating the new branch of mathe-
matical physics, they had set physics on a mathematical course that proved irre-
versible.
However, it was not only, or even primarily, mathematical physics that was
affected by astronomy. More profound and enduring were the novelties that ex-
perimental physics adopted from astronomical practices. These encompassed sys-
tematic and precise measurements, data analysis – including analysis of errors –
and, eventually, research projects focusing on the instrument itself, rather than
on nature. Again it was Paris where many of these practices were first incorpo-
rated in physical research. It seems likely that a decisive factor in this respect was
the presence in Paris of two important astronomical research centres, the Observa-
toire (Observatory) and the previously mentioned Bureau des Longitudes, which had
been established in 1795 in imitation of the British Board of Longitudes. These
closely connected institutions made late-eighteenth-century Paris the world capi-
tal of astronomy. It has been estimated that around 1800 nearly a quarter of all
astronomers was working in Paris.11 At the time, there were no comparable re-
search institutions for experimental physics in France. These facts may help to
account for the preponderance of astronomical methods and standards among
those young French polytechnicians who tried their hands at experimental phys-
ics. But once again, it was above all Laplace who promoted the introduction of
‘astronomical precision’ in the domain of experimental physics. On several occa-
sions he stressed ‘the need for very precise experiments’ and for ‘the perfection of
scientific instruments’.12
It is hardly a coincidence that among the earliest examples of such experiments
we find measurements of optical refraction, a subject closely connected to astron-
omy. In his Mécanique Céleste Laplace singled out this topic for special attention,
largely because atmospherical refraction is of direct relevance to astronomers. In
1805, Biot and Arago were induced by Laplace to accurately determine the refrac-
tive indices of several gases at different temperatures and pressures in order to
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verify his formulas for atmospherical refraction. Measuring angles with the ut-
most precision was, of course, the main business of astronomers. At the instiga-
tion of Laplace the instrument Biot and Arago used was Borda’s repetition circle,
an instrument of unprecedented precision built by the Paris instrument maker
Etienne Lenoir according to Borda’s design. A few years later Malus would use
the same instrument for his investigations on double refraction, a project also
spurred on by Laplace. As we will see, these optical experiments differed in sev-
eral respects from previous investigations in experimental physics.
Incidentally, this was the same instrument that the Paris astronomers Mechain
and Delambre had used in the late eighteenth century to measure the part of the
meridial arc between Dunkerque and Barcelona in order to determine the new
standard of length, the ‘metre’, as part of a general reform of weights and meas-
ures.13 As a member of the commission on weights and measures, which decided
to base the new unit of length upon the circumference of the earth, rather than
the seconds pendulum which had been the original plan, Laplace had played a
dominant role in this project.14 The skills Biot and Arago acquired by working
with Borda’s repetition circle served them well. Immediately following their opti-
cal experiments, they were commissioned to measure the meridian between Bar-
celona and the Balearic Islands. This fact in itself testifies to the close connection
between Laplacian physics and astronomy.
Jed Buchwald has emphasized the radical transformation in optical experimen-
tation brought about by Biot, Arago and Malus. Previous experiments, for in-
stance to determine some properties of double refraction, showed little concern
for accuracy and gave no evidence of the notion that the proposed ‘formulas
should be confronted systematically with experiment’.15 Moreover, this was not
typical of optical experiments, for the same may be said of the whole range of
experimental physics. Coulomb, for instance, based his laws of electrical and
magnetic attraction and repulsion on very few measurements. In his publications,
as in all experimental reports before 1800, estimates of accuracy that were com-
mon in astronomical papers were conspicuously absent. All this changed in the
wake of the experiments of Laplace’s protégés, who provided tabular lists of data
and whose methods explicitly aimed at minimizing errors.16 It is hard to avoid the
conclusion that this new accurate and systematic approach in experimental phys-
ics amounted to a transfer to physics of standards common in astronomy.
It should be pointed out that, in this case, experimental and theoretical novel-
ties went hand in hand. As Buchwald has also emphasized, previous papers on
experimental optics employed geometric constructions in their theoretical parts.
These did not lend themselves easily for comparison with experimental results, as
these results often did not distinguish between competing theories. The French
polytechnicians, on the other hand, used algebraic formulas that enabled them to
carry out calculations with little effort.17 In this respect, they followed the great
French mathematicians of the eighteenth century – d’Alembert, Clairaut, La-
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grange and Laplace – who, in their work on celestial mechanics, had long ago
replaced Newton’s geometric constructions with analytic geometry. Laplace’s
young protégés had all been spoon-fed these modern mathematical techniques at
the École Polytechnique.
From optics, the new experimental standards gradually spread to other parts of
experimental physics, albeit very slowly. The investigation of refractive indices by
Biot and Arago also involved an accurate determination of the density of several
gases, which to this end were carefully weighed in glass globes.18 The values they
obtained were later used by Gay-Lussac as part of the data on which he based his
law of the combining volume of gases. Other French polytechnicians, among
whom were Petit and Dulong, would later work on accurate determinations of
the heat capacity of several substances. To facilitate such work, considered rele-
vant for improving the efficiency of heat engines, the French government would
eventually equip the physicist Regnault with a physical laboratory, one of the first
of its kind in Europe.19 It was here that young William Thomson, Britain’s leading
natural philosopher in the late-Victorian period, would acquire his taste for pre-
cise measurement. In Glasgow he would apply these skills to both thermal and
electrical measurements and pass them on to his students through a new regime
of laboratory training.20
Gaussian physics
During the following decades the torch of precision was passed on to Germany,
first in astronomy and then in experimental physics. The new torch bearers were
the German astronomers Gauss and Bessel. In 1801, Gauss had made his name
with two remarkable achievements. The first one was the publication of his ‘Dis-
quistiones arithmeticae’, (Arithmetical Investigations), which immediately placed
him in the front ranks of Europe’s leading mathematicians. The second one was
his accurate determination of the orbit of the newly discovered ‘planet’ Ceres,
which enabled astronomers to retrace the object that had been found and then
lost again earlier that year. Gauss only revealed his methods at the end of the
decade when he published his ‘Theoria Motus Corporum Coelestium’ (1809) (Theory
of the Motion of Celestial Bodies). The work also contained an extensive discus-
sion of the least-squares method of reducing accidental errors in astronomical
and geodetic observations. The method had also been proposed four years earlier
by the French mathematician Legendre, but Gauss claimed he had been using it
for more than a decade and, moreover, he justified the method by proving that it
gave the most probable value when the errors were distributed ‘normally’.
The method extended and improved upon earlier attempts by Laplace to fit
curves and surfaces to measurements in geodesy and astronomy by minimizing
errors. Both Legendre and Gauss had first applied the method to the data set of
the French meridian project. It rapidly became a standard practice in astronomi-
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cal and geodetic data reduction, most of all in Germany. As one historian of
astronomy put it, the method gave rise to ‘a new attitude [...] of the nineteenth-
century scientist towards his material: it was no longer a mass of data from which
he selected what he wanted, but it was the protocol of an examination of nature, a
document of facts to which he had to defer.’21 However, Gauss’ method was slow
to take hold in other areas than astronomy and geodesy. Before the 1830s most
physicists and chemists regarded the method as being too ‘laborious’.22
An interesting exception to this rule was noted by Kathreen Olesko. It concerns
a small treatise on the application of the least squares method to physical obser-
vations, published in 1819 by the Mitau astronomer and physicist Paucker. Pauck-
er used the occasion to vent his criticism of French experimental physics, singling
out some heat experiments by Biot for special scrutiny. From his measurements
Biot had selected only those that he considered the most precise. As Paucker
pointed out, he would have reduced error to a far greater extent if he had applied
Gauss’ method to all the measurements.23 However, it was only in the 1830s that
some German physicists started to apply the method, and even then they did not
do so consistently. The Berlin physicist Dove advocated the method in his 1835
essay ‘Ueber Maass und Messen’ (On measure and measuring), without, however,
making much use of it himself.24
In 1807, Gauss was appointed Professor of Astronomy in Göttingen and Direc-
tor of the future observatory, a post he held for the remainder of his life. The
observatory, completed in 1816, included innovative elements, such as a vibra-
tion-proof installation of instruments. However, it would take another five years
to have it outfitted properly. Meanwhile, Gauss, following a long-standing inter-
est, set out on a geodetic survey of the Kingdom of Hannover, a project that
would occupy him for eight years. It enabled him to put his skills in measurement
and calculation to good use, allowing him to compete with the French in deter-
mining the arc length of one degree on the meridian, and it promised additional
income as well.25 To aid in the survey, Gauss invented the heliotrope, an instru-
ment that uses a mirror to reflect sunlight over great distances to measure posi-
tions. Much later, in the 1830s, the Hanoverian government would also commis-
sion him to improve the accuracy of the local standard of weight, the
Hannoverian pound, and to relate it more precisely to foreign standards, a task
he took up somewhat reluctantly. 26
Meanwhile, Gauss was applying his formidable skills in measurement and cal-
culation to another field of research, terrestrial magnetism. Like astronomy and
geodesy, terrestrial magnetism was considered to be of direct interest to the state,
a point pressed home to several European monarchs by Alexander von Humboldt.
In 1828, Von Humboldt had built a small magnetic observatory in Berlin and tried
to interest other researchers, among whom was Gauss, in joining in at other loca-
tions. In 1831, Gauss decided to step in and he rapidly took the lead in creating
and supervising a continental network of magnetic observers. In his view, it was
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only natural that astronomers would take up this task as the required precision
could ‘be expected only of those mathematicians who are familiar with the finest
means of observation, namely the practical astronomers’.27
Yet, he did not start the work until he could avail himself of the assistance of
Wilhelm Weber, who was appointed Professor of Physics in Göttingen in 1831. By
the end of the year, Gauss was fully immersed in his new project. Before starting
the practical work he felt that he needed two things. The first of his requirements
concerned theoretical guidelines, preferably a single principle. In this regard, he
drew a comparison with the role of universal gravity in astronomy, which allowed
astronomers to calculate results that could be compared with precise observa-
tions. To this end, he generalized the potential theory and presented the potential
function as a general ‘key to the theory of attracting and repelling forces’, among
which were those of electricity. In this way he opened up a new line of research in
theoretical physics in Germany, providing a stimulus to the young Helmholtz,
among others.28 Its potential became even more visible in the wake of the estab-
lishment of energy conservation.
Gauss’ second desideratum concerned new instruments, since the usual
French instruments did not satisfy his demand for precision.29 He made it clear
that, here as well, his aim was to eliminate ‘the separation between actual so-
called physics and applied mathematics’, similar to what had been done in optics
and (celestial) mechanics. To this end, Gauss first developed ‘absolute’ measur-
ing units for the study of magnetism based on the fundamental units of me-
chanics, those of length, time and mass, to replace the earlier ‘relative’ units. In
December 1832, Gauss presented a paper to the Königliche Gesellschaft der Wis-
senschaften zu Göttingen (Royal Society of Sciences in Göttingen) on the determina-
tion of the absolute intensity of earth magnetism.30 He also suggested the exten-
sion of the system of absolute units to another branch of physics, namely
electricity.31 Weber would eventually take up this challenge by establishing abso-
lute units in electrodynamics, an important step towards a common system of
measures throughout physics.
However, the new units would not do much good without precision instru-
ments that allowed for the unequivocal expression of magnetic phenomena in
terms of these units. For this reason, Gauss, assisted by Weber, started to work
on the construction of precise magnetometers. As he made clear, his ambition
was to bring ‘magnetic observations […] to a precision that is nearly, if not com-
pletely, as great as the finest astronomical’ observations. To this end, he attached
a mirror to the tip of his suspended magnetic rods perpendicular to their axis. For
the observations of the direction of the magnets he used a telescope attached to a
theodolite placed at a distance of sixteen feet from the steel rod. To house the
whole arrangement, a magnetic observatory, totally free of iron, was built in the
garden of the observatory. Gauss’ fellow astronomer, Carl Ludwig Harding,
would measure the variation of magnetic declination several times a day at fixed
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times. Gauss also adapted Humboldt’s international programme to achieve max-
imum precision from the measurements that were to be made six times a year,
once every five minutes, for a period of 24 hours.32
Magnetic observatories from all over Europe soon joined the resulting informal
organization, the Magnetic Union. Participants followed Gauss’ protocols and
used apparatus that was either ordered in Göttingen, or modelled on Gauss’ in-
struments. Gauss collected the observations and published them in the ‘Resultate
aus den Beobachtungen des magnetischen Vereins’ (Results of the Observations of the
Magnetic Union). Originally, the participants only measured variations in mag-
netic declination. The magnetometer was less suitable for precise measurement
of magnetic intensities, so Gauss constructed a new instrument in which the
magnet was suspended from two threads rather than one, the bifilar magnet-
ometer. With the new instrument magnetic intensities – or at least their horizon-
tal components – could be ‘as precisely observed as the stars in the sky.’ Further
improvements were halted when Gauss lost his main collaborator in December
1837. Weber was dismissed from his professorship for political reasons. This
ended six years of collaboration on physical subjects that came to include electro-
dynamics and the construction of a telegraph.33
Wilhelm Weber as a Gaussian physicist
Eventually, after years of negotiations, the Saxon government appointed Weber to
the Leipzig chair of physics in 1842. Here, he would continue the Gaussian pro-
gramme for the reform of physics. In 1841, he stated that ‘the way in which phys-
ics is treated so far is outdated and needs to be changed,’ referring to his work
with Gauss on terrestrial magnetism as ‘a first test’.34 Freed from his duties as
Gauss’ assistant, he now set up his own research programme in electrodynamics
based on precision measurements. The results were published over a period of
more than thirty years in several papers that appeared in a series entitled ‘Elektro-
dynamische Maassbestimmungen’ (Determinations of Electrodynamic Measures).35
As McCormmach and Jungnickel have rightly emphasized, his research and pub-
lications ‘reconstructed the physics of electricity in much the same way that
Gauss’ work had reconstructed the physics of magnetism.’36 From the outset he
was critical of previous experiments in electrodynamics, especially those by the
French authority in the field, Ampère. He found Ampère’s methods wanting in
several respects, and he openly doubted the claim that his electrodynamical law
was derived only from experience. Weber’s first electrodynamical experiments
were aimed at putting the law on a firm footing.37
To this end, Weber constructed his own electrodynamometer, modelled after
Gauss’ magnetometer: a bifilar suspension, a mirror, a telescope and a scale.
Only a current-carrying wire coiled around a wooden frame now replaced the
magnet. Observations of the angular displacement of the oscillating bifilar coil
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enabled him to provide a ‘complete proof of Ampère's fundamental law’. In the
following part of the paper Weber derived a more general law for the electric
force acting between two moving electrical particles. His new ‘fundamental law’
combined Coulomb’s law and Ampère’s law in a single expression that differed
from Coulomb’s and Newton’s laws in depending on the relative state of motion
of the particles. In a follow-up paper Weber gave an expression for the potential
of the force, in keeping with the example of Gauss’ magnetic potential.38 Subse-
quently, Weber developed a system of fundamental measures for current inten-
sity, electromotive force and resistance and showed how his fundamental law
made it possible to connect his measures to mechanical ones.39
Meanwhile, Weber had returned to his old post in Göttingen. Following cur-
rent practice in other universities, he started a physical-mathematical seminar in
1850, probably modelled after Neumann’s seminar in Königsberg. Such semi-
nars, financially supported by the German states, originally aimed to train future
gymnasium teachers by offering them the opportunity to learn how to handle
instruments, perform simple experiments or solve elementary mathematical prob-
lems. Gradually, however, professors learned to use the seminars to offer ad-
vanced training to students, preparing them for future research. In a similar vein,
Weber decided to train his students in precise measuring techniques so as ‘to
prepare them for participation in the regular magnetic observations.’ He generally
selected topics for the seminar from his own research, such as ‘experiments with
the electrodynamometer,’ or from other recent work in the physics of precision
measurement, such as ‘Foucault's experiments on the influence of the rotation of
the earth on the oscillations of a pendulum.’40
When the number of students participating in practical physical exercises in-
creased in the 1860s, Weber was finally allowed to hire a salaried assistant to
direct the exercises in the seminar. The growing practice of hiring such assistants
for physical exercises, who were either advanced students or young graduates,
was probably copied from the astronomical observatories that had been using
such assistants for much longer. The assistant position was filled by Weber’s for-
mer student Friedrich Kohlrausch, who had previously worked as an assistant at
the Göttingen observatory. Kohlrausch, who would be appointed as Extraordinary
Professor in the following year, reorganized the practical exercises in the physical
institute, which were now also open to chemists and pharmacists.41 Onno Wiener
later emphasized the pioneering nature of the Göttingen exercises that instilled a
‘sharp criticism of the measurements’ and a ‘military disciplining of the obser-
ver.’42
In 1870, Kohlrausch published a laboratory manual, ‘Kleiner Leitfaden der prak-
tischen Physik’ (Short Guideline to Practical Physics), that stressed the primacy of
measurement. Through its countless editions it would become the German bible
of experimental physics, with its growing emphasis on measurement and data
analysis. The success of the book more or less sealed the reform of physics that
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had been announced by Weber. From the 1870s onwards, experimental physics in
Germany came to be identified with precision measurement. As in astronomy,
precise measurement of known phenomena was preferred to exploratory work
that aimed primarily at the discovery of unknown effects. Following in Weber’s
footsteps, Kohlrausch became the prototype of the measuring physicist.43 After
Helmholtz death in 1894, Kohlrausch succeeded him as director of the most pres-
tigious German institute for precision measurement, the Berlin Physikalisch-Tech-
nische Reichsanstalt (Physical-Technical Imperial Institute).
Friedrich Bessel and precision astrometry
The Göttingen route was not, however, the only one along which astronomical
standards entered modern physics. Just as influential in this respect were the new
research and pedagogical practices at the Albertus University of Königsberg.
Though one of the smaller Prussian universities, it became a major Prussian cen-
tre for exact science in the early nineteenth century. After the defeat by Napoleon
in 1806, the Prussian government had fled from Berlin to Königsberg. The defeat
resulted in a number of reforms, which came to include the Prussian schooling
system. After all, France’s military superiority was partly attributed to its superior
schools, above all the École Polytechnique. In 1809, the government appointed
Wilhelm von Humboldt as the new Head of the Education Department of the
Ministry of Interior. The University of Königsberg became one of the first benefi-
ciaries of his reform plans, no doubt helped by von Humboldt’s brief stay in the
city. The Prussian government allocated funds for a chair for astronomy as well as
an astronomical observatory that was to be connected to the university.44
The subsequent appointment of the astronomer Friedrich Bessel turned Kö-
nigsberg into the centre of German precision astronomy. The professorial ap-
pointment itself almost failed as the administrators discovered that Bessel lacked
the required doctorate. Having left the Gymnasium prematurely, Bessel had been
apprenticed to a German trading company in Bremen at the age of 14. The con-
cern’s reliance on sea trade triggered his interest in the mathematical problems of
navigation. This, in turn, led to an interest in astronomy and several astronomical
researches, among which were a determination of the longitude of Bremen and a
mathematical reconstruction of the orbit of Halley’s comet through a reduction of
Harriot’s observations in 1607. With the latter paper he made his name in astro-
nomical circles, which lead to a post as Assistant at a private observatory in Lil-
lienthal near Bremen in 1804. Here, his fame as an astronomer rapidly increased.
That same year he started a regular correspondence with Gauss, who involved
Bessel in his own projects. In 1810, Bessel was called to Königsberg to direct the
future observatory. On Gauss’ recommendation Bessel eventually received a doc-
torate in Göttingen, which opened the way for a chair at the university to accom-
pany the directorship of the observatory.45
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In 1813, Bessel could move into the new observatory. Lacking adequate instru-
ments, he focused on the reduction of the stellar observations of the British as-
tronomer James Bradley, whose journals had just been published. In the 1750s,
Bradley had carefully measured the positions of more than 3000 stars. From those
data Bessel managed to derive the very information he needed to reduce the ob-
servations, such as instrumental errors and astronomical constants related to the
aberration of light, the precession and nutation of the terrestrial axis, and atmos-
pheric refraction. The results of this remarkable tour de force were published in
1818 as the ‘Fundamenta Astronomiae’ (Foundations of Astronomy). The work raised
the standards of astronomical practice to a new level.46
If Gauss taught astronomers how to reduce accidental errors, Bessel set out to
minimize systematic errors. More than anyone before him, Bessel emphatically
stressed the need for all astronomers to meticulously determine all the errors of
their instruments before putting them to work. As he stated in 1840: ‘Every instru-
ment in this way is made twice, once in the workshop of the artisan, in brass and
steel, and then again by the astronomer on paper, by means of the list of neces-
sary corrections which he derives by his investigation.’47 Moreover, instrumental
errors may change over time and may depend on temperature or other weather
conditions. A considerable part of the astronomer’s research should thus have as
its main object not the heavens but the instrument itself. Bessel also stressed the
role of personal errors connected to the timing of a transit, which extended the
object of research from the instruments to the observer. It was in fact Bessel who
in 1823 introduced what came to be known as the ‘personal equation’, the inher-
ent bias of every observer in recording the exact time at which a star crossed a
wire in the telescope view-finder.48
Meanwhile, German instrument makers made their own contribution to the
rise of standards in astronomy. The workshops of Reichenbach in Munich and
Repsold at Hamburg came to play a leading role in the refining of precision tech-
niques. Their greatest contribution to nineteenth-century precision astronomy
was the meridian circle or transit circle, a new type of instrument for the determi-
nation of stellar positions.49 In 1820, Bessel set an example by installing a meri-
dian circle made by Reichenbach, replacing it in 1840 by an improved meridian
circle form the workshop of Repsold. With these instruments he measured the
position of countless stars and improved existing data with regard to precession,
nutation and aberration, publishing the aberrations for the benefit of others in his
‘Tabulae Regiomontanae’ (Königsberg Tables). Bessel was the first to determine the
distance of a star, 61 Cygni, by measuring its parallax. He announced the result in
1838. The achievement was the crowning glory in his constant striving for greater
precision.
Like Gauss, Bessel became involved in geodetical measurements and the im-
provement of standards. The project on standards, commissioned by the Berlin
Academy of Sciences, involved a series of precision experiments on a seconds
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pendulum, the length of which was to serve as the new foundation for the Prus-
sian unit of length. Not surprisingly, his work surpassed that of all others before
him in its meticulous assessment of all possible errors. Bessel personally oversaw
the construction of the pendulum by Repsold in Hamburg in 1825. In August of
that year the instrument was transported to Königsberg, where Bessel started the
investigations that would take him more than two years. Both the instrument
itself and all relevant conditions, such as temperature and pressure, were sub-
jected to careful analysis. For his thermometers he developed a calibration meth-
od that compensated for imperfections in the cylindrical shape of the stem. He
also subjected thermometric and barometric data to the kinds of error analysis
that had, until then, been the preserve of astronomy. In this sense, he may well
have been the first to extend these astronomical procedures to the realm of phys-
ics.50
During 1831-1832, Bessel directed geodetical measurements of several meridian
arcs in East Prussia in response to a request from the Russian government. The
rationale for these measurements was a plan to join the Russian and West-Euro-
pean triangulation chains at their closest points near Königsberg. Here also he
introduced new and refined methods of observations and computation and he
eventually published an authoritative determination of the shape of the earth. In
1833, the Prussian government commissioned Bessel to participate in the reform
of weights and measures. For some time the government had complained about
the uncertainty in the Prussian measures, which was viewed as an impediment to
trade. Previous attempts at a reform had failed for several reasons. Between 1835
and 1837 Bessel constructed an original standard for the Prussian foot, a steel bar
with sapphire endpoints. To this end, he repeated his previous pendulum trials.
In 1839, the new standard was officially instituted by law.51
Franz Neumann and the Königsberg mathematico-physical seminar
Bessel was not the only scientific luminary in Königsberg. In 1826, the Königs-
berg exact sciences were reinforced by the appointment of two young and ta-
lented Privatdozenten, who had just received their doctorates in Berlin: Franz Neu-
mann and Carl Gustav Jacobi. On the recommendation of Bessel, Neumann
would be appointed to the chair of mineralogy and physics in 1829 and three
years later Jacobi was likewise promoted to an ordinary professorship in mathe-
matics.52 Neumann’s professional relationship with Bessel was extended to a
family connection when he married the younger sister of Bessel’s wife. The triad
of Bessel, Jacobi and Neumann would prove instrumental in promoting a new
research-oriented attitude in university instruction. The main vehicle for such
training was the mathematico-physical seminar, which operated in two sections,
one for mathematics and the other for mathematical physics. As was mentioned
earlier, such seminars were originally designed to train good secondary school
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teachers in specific subjects, but because of the limited demand for physics teach-
ing in the Prussian Gymnasia, less than half of the Königsberg students are
known to have become teachers.53
From the beginning, Neumann made clear that the purpose of the seminar
would be to train students in mathematical and measurement techniques. Train-
ing in measurement techniques would require laboratory space and instruments.
He received an annual budget for the instruments, but his regular requests for a
laboratory went unheeded. Eventually, he set up a laboratory at his own expense
in the new house he bought in 1847. The seminar was unique among German
seminars that included physics instruction, as it cultivated a mathematical physics
that closely followed French models. Other natural science seminars tended to
regard these parts of physics as applied mathematics, and, as such, they were not
considered a proper part of the natural sciences.54 In his youth Neumann had
been particularly impressed with the French mathematician Fourier’s work in the
area of mathematical physics.
Although he was not directly involved in the seminar, Bessel’s close alliance
with Neumann and Jacobi, combined with his specific expertise and his strong
views on science instruction, left its mark on the way it proceeded. Among other
things, Bessel introduced practical exercises in his teaching and when students
had acquired sufficient mathematical skills, they were trained in practical skills
in the observatory. He also encouraged his students to extend the mathematical
methods that he taught them to other sciences. According to Olesko, Bessel’s
pendulum experiments, executed at the very time that Neumann arrived in Kö-
nigsberg, became the pre-eminent model for Neumann’s vision of mathematical
physics.55 He linked partial differential equations in the French style to precision
measurements in the style of Bessel’s pendulum trials.
In line with Bessel’s educational reforms, Neumann used the mathematic-
physical seminar to prepare students for his own lectures by filling gaps in their
knowledge and skills, but also to study in greater depth topics dealt with in the
lectures. Eventually, advanced students were expected to work on their own re-
search project. Throughout the seminar, experimental projects usually involved
precision measurements. Following Bessel, Neumann placed a strong emphasis
on the peculiarities of the instrument and on data analysis. Students were ex-
pected to use the method of least squares and to determine systematic errors.
The Königsberger school placed an even stronger emphasis on data analysis and
precision than the related school in Göttingen.56
In general, the seminar and lecture topics followed Neumann’s own research
interests. Starting with optics (Fresnel) and the theory of heat (Fourier, Poisson),
these interests eventually shifted towards electrodynamics, or rather to the prob-
lem of induced currents, which still lacked a solid mathematical foundation more
than a decade after Faraday’s discoveries.57 By introducing a potential function,
he managed to produce a general expression for all known instances of induc-
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tion. The high level of abstraction and the forbidding mathematics made his work
incomprehensible to many German physicists. Weber immediately compared
Neumann’s results with his own law and showed a full agreement between both
expressions in the case of closed currents. This convergence boosted Weber’s
theory in Germany.58
Gustav Kirchhoff as a Gaussian physicist
As Neumann trained large numbers of secondary school teachers as well as sev-
eral future professors at German universities, it is hard to overestimate the influ-
ence his teaching had on German physics. His best-known student was Gustav
Kirchhoff. Kirchhoff participated in Neumann’s mathematico-physical seminar
from 1843 to 1847, at the very time that Neumann was focusing on electro-
dynamics, both his research and his teaching. By the summer of 1845 Kirchhoff
had finished his first major investigation on electrodynamics. Neumann was suf-
ficiently impressed with the report to send it off immediately to the journal Annal-
en der Physik, where it was duly published. Kirchhoff’s paper comprised a theore-
tical and experimental investigation of the distribution of electric currents on a
plane, resulting in the laws that are still linked to his name. The following year,
Kirchhoff continued his research in response to the prize question that Neumann
had posed to the science faculty: the experimental determination of the constant ε
that figured prominently in Neumann’s theory of induced currents.59
The experiment combined the best features of the Gaussian and Besselian tra-
ditions. Kirchhoff used a mirror connected to a magnet hung from a silk thread
as well as a telescope twelve feet away from the magnet. To prevent air currents,
Kirchhoff placed the magnet and the mirror in a cabinet. Before beginning his
measurements he calculated the errors that were likely to affect the experiment.
The result, which he later reworked for his dissertation and a publication, won
the competition. In the published paper he added several corrections based on
theoretical considerations. In all of his later research he would similarly combine
refined measurements with theoretical considerations, although in later life theo-
ry gradually eclipsed experiments. When he was a candidate for the physics chair
in Heidelberg, in 1854, the Heidelberg chemist Bunsen supported his candidacy
by stating that he regarded Kirchhoff as ‘one of the most talented younger physi-
cists of the exact Gaussian school.’60 In Heidelberg Kirchhoff and Bunsen would
collaborate in spectroscopic work, resulting in the discovery of new elements,
Kirchhoff’s theory of thermal radiation, and the rise of physical astronomy.
When Kirchhoff arrived in Heidelberg in 1854 he combined courses in mathe-
matical physics with practical exercises. Some students compared the exercises by
Kirchhoff and Hesse, his colleague in mathematics who had also been trained in
the Königsberg seminar, to a ‘mathematical and physical seminar.’ In 1870,
Kirchhoff and Leo Koenigsberger, Hesse’s successor, did indeed start a mathe-
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matico-physical seminar, aimed primarily at the needs of Baden’s secondary
schools. But even if the aims of Kirchhoff were relatively modest and students
rarely managed to perform advanced investigations, he nevertheless tried to pro-
mote the Königsberger spirit of precision. In 1871, Kirchhoff allowed two stu-
dents to go beyond simple measurements, the British student Arthur Schuster,
later to become Professor of Physics at Manchester, and the Dutch student Heike
Kamerlingh Onnes, who was put to work on a Foucault pendulum.61 It proved to
be a highly influential experience for the young Dutchman, who had originally
come to Heidelberg to work with the famous chemist Bunsen. Kirchhoff's semi-
nar turned him into a measuring physicist and provided the foundation for Ka-
merlingh Onnes’ doctoral dissertation.
At this point it may be appropriate to point out that the new Gaussian physics,
in which precise measurements were closely connected to mathematical physics
and in which the reduction of error was valued more highly than the production
of new phenomena, was not uncontroversial. In Berlin experimental physics
never fully gave in to the Gaussian and Besselian strictures. As David Cahan has
pointed out, Berlin’s leading physicist, Gustav Magnus, ‘distrusted and knew little
about mathematical physics’ and considered it to be ‘quite distinct from experi-
mental physics.’62 These views were shared by his Berlin colleagues, Poggendorf
and Dove, and probably also by many other German physicists. Even Magnus’
pupil and successor Hermann von Helmholtz, though far more adroit in mathe-
matical physics, never gave precedence to precision measurement over more ex-
plorative investigations in his laboratory. Around 1900, some German physicists
distinguished between the ‘measuring physicist’ (with Kohlrausch as the proto-
type) and the ‘experimental physicist’, who – unlike the ‘measurers’ – often ex-
plored unknown territories.63
Frederik Kaiser and precision astrometry
Let us now move to the Dutch situation. In the early nineteenth century, none of
the three Dutch universities in the Netherlands, at Leiden, Utrecht, and Gronin-
gen, had a fully equipped observatory. Nor did the country have a national obser-
vatory. Several aspiring young astronomers were trained in foreign observatories,
but that did not make much of a difference. Lacking the means to meet the new
standards in astronomy, they focused on areas that were more promising.64 All
university professors who were responsible for the teaching of astronomy com-
bined these tasks with the teaching of physics and mathematics and none of them
practiced astronomy to any meaningful extent. During the 1820s, the government
decided to remedy this situation by planning a national observatory in the south-
ern part of the new kingdom of the Netherlands. However, after the separation of
the southern Netherlands to become Belgium, in 1830, Dutch astronomy was
back to square one. Meanwhile, the financial situation of the remaining part of
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the kingdom was deteriorating perceptibly, so the prospects for Dutch astronomy
remained bleak.
All this would change, though, after the appointment of Frederik Kaiser as
Professor of Astronomy (i.e. only astronomy) at the University of Leiden. In many
ways Kaiser’s academic career mirrored that of Bessel. Like Bessel, he lacked a
university education and, like Bessel, he made his name by reconstructing the
orbit of Halley’s comet. Once again a doctorate, in this case bestowed by the Uni-
versity of Leiden, opened the way to a full professorship. Kaiser, like Bessel, fo-
cused his research on precision astrometry. He also equipped his new observatory
with a meridian circle and strove for the utmost precision in both his observations
as well the accompanying data analysis. Long before he received his new observa-
tory, he stressed the importance of Gauss’ method of least squares. Even with his
small and inferior instruments, he managed to attain the same levels of precision
as prestigious foreign observatories. Finally, just like Bessel, a large part of Kai-
ser’s publications dealt with the careful analysis of the instruments, listing all
their peculiarities and errors, as well as with research on the personal equation.65
It will not come as a surprise, then, that Kaiser would also become involved in
geodesy, or rather the Dutch contribution to the ‘Europäische Gradmessung’ (Euro-
pean Degree Measurement), and that the Dutch government sent him to the inter-
national conferences on weights and measures as the Dutch representative. These
conferences would lead to the first international standards and eventually to the
establishment of the international metrological bureau in Paris. It may be carrying
things a little too far to say that Kaiser fashioned himself after Bessel, but Bessel’s
influence on his professional career is unmistakable. Where other astronomers
might concentrate their efforts on discovering new comets, planetoids or nebu-
lae, Kaiser set out to increase the precision of known phenomena, and instilled
the same spirit of precision in his students.
Kaiser’s two main students, Van de Sande Bakhuyzen and Oudemans, would
carry on this tradition. Van de Sande Bakhuyzen, who succeeded Kaiser after his
death in 1872, wrote his dissertation on the errors of the Leiden meridian tele-
scope, in particular those due to its bending under its own weight. As Kaiser’s
successor he raised the Leiden standards of precision and data analysis almost to
the point of utter sterility. He served as president of the Dutch National Geodetic
Committee from 1882 onwards, and as secrétaire perpétuel of the International Geo-
detic Association from 1900.66 Oudemans, who was appointed Professor of As-
tronomy in Utrecht, became involved in the triangulation of the Dutch East Indies
as Head Surveyor, and also served in the Dutch committee for weights and meas-
ures.
In one respect, the situation in Leiden was quite different from that in Königs-
berg and Göttingen. Kaiser’s younger colleague, the physicist Pieter Rijke, was a
far cry from the measuring physicists Neumann and Weber. His experiments,
usually in the area of electrodynamics, were marked by a lack of interest in the
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means and methods to increase precision, for example by the use of refined in-
struments and data analysis. In this regard, his work was much closer to that of
the Berlin physicists Magnus and Poggendorff, or, for that matter, to the research
of most German physicists at the time. Rijke also lacked the taste or the talent for
higher mathematics. Although, in conformity with the regulations, he taught
mathematical physics to advanced students, these courses did not earn the high
praise given to his courses in experimental physics. In fact, students complained
about his teaching and even suggested that the courses be handed over to a math-
ematician or a mathematical physicist.67 Kaiser’s influence on later generations of
physicists was thus not mediated by a colleague physicist. The following exam-
ples illustrate the situation.
Van der Willigen and Bosscha jr.
At the time Kaiser was appointed Professor in Leiden only very few students en-
rolled in the Philosophical Faculty. Among them was a clergyman’s son named
Volkert van der Willigen, whose dissertation on the aberration of light – a topic
on the borderline of astronomy and physics – was supervised by Kaiser. In 1848,
Van der Willigen was appointed professor of physics at the Deventer Atheneaum.
His inaugural lecture clearly shows Kaiser’s influence. He boldly stated that the
superiority of astronomy with regard to physics largely derived from the greater
precision of its methods and he emphasized the role of statistical data analysis as
a means of reducing error. For these reasons he strongly criticized the numerous
Dutch meteorological observations without the least consideration of the errors
of the instruments and the quality of the data. He also echoed Kaiser’s research
ethos by stating that all teaching should aim to train for research.68
Although Van der Willigen lacked the instruments and facilities at Deventer to
pursue a significant research programme, he took advantage of every opportunity
to do experimental work. In 1852 he determined the exact latitude of Deventer. In
the late 1850s, he published a series of spectrographic measurements, but gave up
this line of research when he became aware of the superior results of German
spectrographers like Bunsen and Fraunhofer. Following Foucault’s discovery, he
also tried his hand at pendulum experiments but with few results. His prospects
for serious research improved considerably when he was appointed Director of
the physics cabinet of Teyler’s Foundation in Haarlem. The Teyler’s Museum of-
fered several advantages over Deventer. He now had a laboratory at his disposal,
albeit a modest one, and the Foundation’s funds enabled him to acquire better
instruments. Finally, he could now fully commit himself to a series of precision
measurements.69
Most of these measurements were related to optics. Van der Willigen first tried
to determine the wavelength of the full solar spectrum with the utmost precision.
Then he set out to measure the refractive indices of various sulphuric solutions.
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In his published account of these measurements he emphasized that physics had
entered ‘a new phase’ – one of ‘exactitude and precision’ – by emulating the new
methods and standards of the astronomers. He left no doubt of his personal
commitment to the new physics:
A single number exactly determined has a durable value to science, whereas a
current discovery, noisily announced in the domain of galvanism, of
electromagnetism or of another similar category of phenomena, is often
carried along by the later progress of knowledge.70
Nor did he hide the main source of his own methods:
I have tried to apply the methods of observation and calculation, into which I
was once initiated by the lessons and example of an eminent astronomer,
Professor Kaiser.71
In the course of his investigations at the Teyler’s Museum, Van der Willigen pro-
posed to define a new standard unit of length using the wavelength of a specific
spectral line. As Gerald Turner has pointed out, the acquisition of a precise
chronometer and a reversible pendulum made by Repsold suggest that his re-
search included a determination of the length of a seconds pendulum in Haar-
lem.72 In 1868, Van der Willigen also resumed his experiments on Foucault’s
pendulum, using the high ceiling of the oval room in the museum. He duly pub-
lished his measurements but confessed that he had failed to account for specific
details of the elliptical motions of the pendulum.73 Somewhat puzzling is the
small observatory that was built in the garden of the museum at Van der Willi-
gen’s request. A small slit in the roof suggests it was used for astronomical ob-
servations, probably to determine the latitude of Haarlem to complement his pen-
dulum experiments, but the fact that it was completely free of iron also points to
intended galvanic or magnetic measurements.
As Martin Weiss has rightly pointed out, by the 1870s Van der Willigen was the
leading experimental physicist in the Netherlands. Neither Rijke in Leiden, nor
Buys Ballot in Utrecht, nor Mees in Groningen could rival him in productivity or
in the refinement of his experiments. This is all the more impressive when we
realize that he also showed a great concern for astronomical endeavours. He
both initiated and coordinated the Dutch expedition to the island of Réunion in
the Indian Ocean to record the transit of Venus in 1874. Although the expedition
failed because of adverse weather conditions, Van der Willigen became a member
of the Astronomische Gesellschaft (the German Astronomical Society) the following
year.74
The only other Dutch physicist whose repute could match that of Van der Willi-
gen was his own former protégé Johannes Bosscha jr. He had been Van der Willi-
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gen’s pupil during the brief period that Van der Willigen taught at a secondary
school in Amsterdam. When Van der Willigen moved to Deventer, Bosscha fol-
lowed him there. Eventually, Bosscha continued his studies in Leiden, where he
came under the spell of Kaiser, without, however, being deterred from a career in
physics. This career may have started when Rijke was finally allowed to appoint
an assistant in the Leiden physical cabinet. His first assistant was Bosscha, who
had just finished his dissertation on a topic that reveals the influence of Van der
Willigen and Kaiser: a careful analysis of the characteristics of the differential
galvanometer that measures the difference between two electric currents. Earlier,
he had published a review of a paper by Oudemans on the precision to be attained
with a universal instrument made by Repsold. Another early paper proposed a
new method of measuring the speed of sound by using two chronometers.75
Following a brief visit to the physics institute in Berlin, where he met the Berlin
physicists Magnus and Poggendorf, Bosscha continued his research on voltaic
currents to test the new law of energy conservation in this specific area. In 1860,
Bosscha left the university to teach theoretical mechanics at the military academy
in Breda. Three years later, Minister of Interior Affairs Thorbecke called him to
The Hague to serve as Inspector of Secondary Education. Although he now lacked
research facilities, he nevertheless published several papers on thermometry. He
analyzed the results of Regnault’s thermometric experiments and used these to
determine systematic errors in Regnault’s thermometers. Thus, he was able to
derive new expressions for the thermal expansion of mercury.
Unlike the Germans, Francophile Bosscha refrained from criticizing the work
of the Frenchman. Instead, he praised him for the precision of his measurements:
It is the everlasting merit of Regnault to have introduced in experimental
physics, after the example of the astronomers, the utmost care for precision,
and such completeness in the reporting of the experimental data, which not
only allows for indicating the limits of certainty, but also created the possibility
to assure, through improvement and supplementation, later seen to be
requisite, a lasting value to a wealth of difficult observations.76
Following Kaiser’s death, Bosscha took his place in the Dutch committee that was
to represent the Netherlands at the international conferences on weights and
measures. The other members were Oudemans and Kaiser’s old friend Stamkart.
Bosscha’s dominant role in this committee, which also carried responsibility for
the creation of new Dutch standards, testified to his expertise in precision mea-
surement and data analysis. In 1873, he was offered a chair in applied physics at
the Delft Polytechnic. He accepted the offer on the condition that a new physical
laboratory be constructed. In 1878, having declined the offer of a physics chair at
the new University of Amsterdam, he was appointed Director of the Polytechnic.
During the last quarter of the century he used his leading position in Dutch phys-
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ics to support the careers of younger physicists, such as Van der Waals, Lorentz,
Kamerlingh Onnes and Haga. Both Kamerlingh Onnes and Haga worked in his
Delft laboratory at an early stage in their careers.77
Through measurement to knowledge: Kamerlingh Onnes and Haga
More than anyone else in the Netherlands, Kamerlingh Onnes came to personify
the measuring physicist, if only through his familiar motto ‘through measure-
ment to knowledge’. Instrumental in this respect were his Heidelberg experiences
in Kirchhoff’s seminar. The list of experiments Kamerlingh Onnes had to com-
plete included the determination of the length of a seconds pendulum, the mea-
surement of the refractive index of several kinds of glass, the measurement of the
wavelength of Sodium and the measurement of the horizontal component of ter-
restrial magnetism. The fact that he won the seminar prize may well have
strengthened his decision to become a physicist rather than a chemist. During
Kamerlingh Onnes’ third semester in Heidelberg, Kirchhoff made him work on
an independent research project: the pendulum of Foucault mentioned earlier.
During this semester he also attended Koenigsberger’s mathematical seminar.78
Back in Groningen he continued his research on Foucault’s pendulum. Lacking
vibration-free rooms in the Groningen physical cabinet, he moved to the cellar of
the main university building. The gimbal pendulum was supported by piles and
placed in an airtight metal case. The observations were made with a telescope
equipped with a micrometer. It took him almost two years to complete his mea-
surements. As impressive as his precise measurements was the theoretical part of
the project: basically an exercise in rational mechanics, building on the mathema-
tical methods of Hamilton and Jacobi. Kamerlingh Onnes published this part of
his dissertation separately in a mathematical journal. The whole project was a
model of new style Gaussian physics. In his dissertation Kamerlingh Onnes em-
phasized his view that work in experimental physics required a thorough knowl-
edge of mathematical physics, and vice versa. One of the theses of his dissertation
stated that there was no real distinction between the methods of mathematics and
those of physics.79
Already before he took his doctoral degree, Kamerlingh Onnes was appointed
assistant in Bosscha’s laboratory in Delft. Here he supervised the practical exer-
cises of the students and started a new research project on the precise determina-
tion of electrical resistances. To this end, he designed an improved experimental
setup. He also planned to measure the refractive index of liquid carbon dioxide,
but it is unclear whether he actually did so. More important than his experimental
work were his theoretical investigations of the new theories of Van der Waals on
the continuity of the liquid and gaseous states. In 1881, he published his ‘General
Theory of Liquids’ in the proceedings of the Royal Netherlands Academy of Arts
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and Sciences. It would be the start of a lifelong collaboration with Van der
Waals.80
In 1882, Rijke retired from his professorship in Leiden. The issue of his succes-
sion became a divisive element in the faculty. Rijke approached Bosscha, who
refused the offer and recommended Kamerlingh Onnes. Most members of the
faculty supported his candidacy, among them Lorentz, who had recently been
appointed Professor of Mathematical Physics, and the astronomer Van de Sande
Bakhuyzen. In their letter of recommendation to the University Board, they added
the name of Van der Waals. The Board, however, also received a second letter,
signed by a considerable minority among the faculty, supporting Rijke’s favourite
candidate, the German physicist Wilhelm Röntgen. As Röntgen had spent most
of his childhood in The Netherlands, he was viewed as partly Dutch. Moreover,
unlike Kamerlingh Onnes, whose recent work was predominantly theoretical,
Röntgen was an experimenter pur sang. Now that the chair for physics had been
split up in a chair for experimental physics and one for mathematical physics
(held by Lorentz), it seemed obvious to Rijke and his sympathizers that in this
case the university should exclusively represent the interests of experimental
physics.81
The Lorentz camp countered this argument by stressing the inextricable con-
nection between theory and experiment in modern physics. Without an under-
standing of mathematical physics an experimenter would lack access to ‘the high-
er parts of physics’. Kamerlingh Onnes fortunately combined both skills and was
therefore the ideal candidate. Moreover, given the availability of excellent Dutch
candidates for the chair, it would be awkward to appoint a foreigner. Lorentz also
mobilized others, outside Leiden. The resulting avalanche of recommendation
letters for Kamerlingh Onnes, among which was one from Kirchhoff, clinched
the case. When Van der Waals made clear that he would not consider leaving
Amsterdam, the Minister finally cut the knot and appointed Kamerlingh Onnes
to the Leiden chair.82 It was a decision with far-reaching consequences for Dutch
experimental physics.
Onnes’ inaugural lecture clearly expressed his strong commitment to the Gaus-
sian school of physics. Over and over he stressed the primacy of measurement,
supporting his view with many historical examples. He specifically discussed the
introduction of the potential in the area of electricity and magnetism by Gauss,
Poisson and Green. Recent developments in instrumentation, mostly due to Wil-
liam Thomson, had enabled physicists to measure electric potentials as easily and
surely as temperatures. Turning to the study of terrestrial magnetism, Onnes
pointed out that Gauss had ‘not only enriched science with a new branch, but
also exercised a great influence on its development through the invention of his
measuring equipment.’83
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Since Gauss mounted a mirror to the suspended magnet to replace the
immediate determination of the rotation with that of the displacement of its
mirror image on the scale placed at a considerable distance, the life of most
physicists is spent partly behind scale and telescope. For the accuracy of this
method of scale reading has surpassed all expectations and made it
indispensable whenever one wants to observe from a distance the effects of
small forces.84
Building on Gauss’ innovations, including the bifilar suspension, Weber had
been able to introduce a system of absolute electrodynamic measures. Kamer-
lingh Onnes emphasized the importance of such measures for the telegraph in-
dustry. He discussed the failed British attempts, initiated by Thomson and super-
vised by the British Association for the Advancement of Science, to fix the unit of
resistance, the Ohm. The French had recently organized an international confer-
ence to improve the electric standards. According to Kamerlingh Onnes, such
improvement required the determination of absolute measures of resistance
along several different methods. This opinion puts his aborted resistance mea-
surements in Delft in an interesting light, all the more so because his patron,
Bosscha, was to represent the Netherlands at the 1881 First International Confer-
ence of Electricians in Paris. It seems highly likely that Kamerlingh Onnes’ mea-
surements served a metrological purpose. As he stated in his inaugural lecture:
Metrology has become a separate branch of science, which to the uninitiated
presents a dull series of numbers, but to him, who realizes the brilliant
simplicity and thoroughness of the end result, assumes spirit and life.85
After this extensive profession of faith, Kamerlingh Onnes went on to give an
outline of his Leiden research program of low temperature physics, finely tuned
to the theoretical work of Van der Waals. At the end of his discussion he empha-
sized once more the ‘new direction in physics,’ which required that,
Nowadays part of the physical laboratory must follow the astronomical model.
It must be fitted with instruments, the peculiarities of which are fully known
and recorded in registers, and with rooms suitable for using these instruments
in a productive way.86
Highlighting the virtues of precise measurement, Kamerlingh Onnes spoke with
some disdain of those experimentalists who primarily aimed to produce as many
new phenomena as possible. Not surprisingly, in his words of thanks to his col-
leagues, he singled out the astronomer Van de Sande Bakhuyzen, as well as the
physicists Bosscha and Lorentz and his old teacher Van Bemmelen.87
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Immediately after his appointment, Kamerlingh Onners started to lobby for
better facilities and new instruments. Among the first instruments he acquired
were various magnetometers. These were used to instruct students in the niceties
of precision measurement in a way resembling that of the Heidelberg seminar.88
In the Cambridge Cavendish laboratory, Maxwell – another convert to measuring
physics – also preferred the magnetometer for its instructive qualities.89 More
than any other instrument it became the hallmark of Gaussian physics. In Leiden,
however, the use of electrometers and magnetometers was mostly limited to ped-
agogical purposes. For two decades Kamerlingh Onnes worked hard to create the
world’s most impressive facility for low temperature physics. It was designed to
perform precise thermodynamic measurements on various substances at extreme-
ly low temperatures in close connection with the theories of Van der Waals. The
ultimate reward was the liquefaction of Helium in 1908 and the subsequent dis-
covery of superconduction in 1911. In spite of these spectacular results, Kamer-
lingh Onnes stayed true to his measuring creed.
Equally pronounced in his commitment to the new measuring physics was Lo-
rentz’ classmate and old friend Herman Haga, who had also studied physics in
Leiden and obtained his doctorate on research on the absorption of heat radia-
tion. He subsequently spent a year in the new physics laboratory at Strasbourg,
working with August Kundt. Kundt had studied with Magnus in Berlin, but once
he had left Berlin he gradually came to appreciate the importance of mathematical
physics. When called to Strasbourg to found a new model institute as part of the
new Imperial University, he insisted on an additional position for theoretical
physics. Together with the theoretical physicist Emil Warburg, Kundt set out to
test the kinetic theory of gases developed by Clausius and Maxwell by means of
precise measurements of the specific heats of several gases.90 Even more impor-
tant for Haga’s future research projects was the fact that the research wing of the
new laboratory contained massive slabs of stone to allow for vibration free experi-
ments and that it was completely free of iron to enable precise galvanic measure-
ments.91
Back in the Netherlands, Haga taught physics at the Apeldoorn Hogere Burger-
school92 (HBS) and subsequently at the HBS at Delft. The move to Delft enabled
him to do research in Bosscha’s laboratory and to support his candidacy for a
professorship by doing so. In 1886, Haga was called to the physics chair in Gro-
ningen. One of his first tasks was to oversee the construction of a new laboratory
that opened its doors in 1892. Though much more modest than the Strasbourg
institute, it was unique in the Netherlands for being the first modern physics
laboratory that was purpose-built for precise measurements. The whole building
was free of iron, and the research rooms contained stone pillars disconnected
from the walls.
Haga focused the research programme of the laboratory on geomagnetic and
galvanometric measurements. Tellingly, the bulk of the research concerned pre-
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cision instruments, especially electrometers, rather than nature itself.93 It seems
likely that part of this research was connected to current attempts to create a
standard for the electric potential, the Volt. In 1895 Haga was allowed to appoint
a lecturer in mathematical physics, Cornelis Wind. Wind had just finished his
doctorate with a dissertation on a magnetometer invented by Kohlrausch, that
was known as an intensity variometer.94 The appointment once more testified to
the perceived unity of mathematical physics and precision measurement, an ideal
that was clearly borrowed from astronomy.
Still, it was, above all, Leiden that became a breeding ground for a new genera-
tion of measuring physicists. Best known among them is Pieter Zeeman, whose
fame, ironically, derived from an excursion from his research project into a more
explorative enterprise. The resulting discovery, the Zeeman Effect, provided the
springboard for a career in precise measurement. In 1897, Zeeman had secured
tenure in Amsterdam, and began by copying Kamerling Onnes’ method in his
magneto-optical research school. In the late 1920s he started to represent the
Netherlands in the International Committee of Weights and Measures. By that
time Ornstein, who had also studied in Leiden, had turned the Utrecht laboratory
into a large-scale facility for the measurement of radiation intensities. These new
directions in experimental physics would dominate the most important centres of
Dutch experimental physics until World War Two.95
Still, it is hard to tell what Lorentz owed to astronomy and astronomers. As
mentioned at the beginning of this chapter, Lorentz himself attributed consider-
able influence on his work to Kaiser and specifically mentioned a course by Kaiser
on theoretical astronomy.96 It seems likely that what he took from this course was
the application of higher mathematics, in particular of partial differential equa-
tions, to natural phenomena, as well as the notion of a close connection between
mathematical theories and precision measurement. As we have seen, his convic-
tion that this connection was indeed close strongly manifested itself in his sup-
port for the candidacy of Kamerlingh Onnes. Lorentz’ request for a research
space of his own in the Leiden laboratory, another sign of the perceived connec-
tion, was never granted.97
Equally important for Lorentz and several others of his generation as the new
vision of exact science was the personal encouragement they received from Kaiser
and subsequently Van de Sande Bakhuyzen. After his appointment in Leiden, Lo-
rentz came to regard Van de Sande Bakhuyzen as his staunchest supporter. He
immediately joined the small circle of scientists that included Bosscha and his
assistant Kamerlingh Onnes, who met regularly in the astronomer's home. In
these informal gatherings the measuring ethos was probably spread and consoli-
dated.98
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Conclusion
What can be concluded from the material that has been presented here? It seems
hard to deny that the working methods in astronomy have been of considerable
influence on the emerging discipline of physics. The combination of systematic
and precise measurements with mathematical theories based on the use of partial
differential equations may have seemed rather obvious at the end of the nine-
teenth century, but late eighteenth-century physics had lacked all the ingredients
for these new practices. As we have seen, most of them entered physics either
through direct interference by astronomers, or by copying their methods. These
methods included careful registration of data, statistical data analysis and exten-
sive research of the instruments, rather than of nature itself.
Along with the methods came a new set of values. The early nineteenth-century
romantic ideal of a divine spark resulting in the discovery of a new phenomenon
was replaced by the ideal of disciplined hard work leading to increased precision
of measurements. Still, even in the light of the circumstances set out earlier, the
new ethos was far from self-evident. Not everybody was easily won over by the
cult of precision. Even Kirchhoff admitted that he was originally taken aback by
the drudgery of Neumann’s seminar: ‘boring observations and even more boring
calculations.’99 Nor did its success prove everlasting. Around the turn of the nine-
teenth century more explorative approaches in experimental physics made a spec-
tacular comeback.100 Later scientists were astonished by the craze for precision
measurement. In his autobiography Hendrik Casimir dismissed Kamerlingh
Onnes’ motto ‘through measurement to knowledge’ as being based upon a mis-
taken and narrow-minded view of experiment.101 Yet, for several decades the new
standards managed to raise enthusiasm among leading scientists, including such
luminaries as Regnault, Kelvin, Maxwell, Kirchhoff and Kohlrausch. Like Kamer-
ling Onnes they judged the new methods to be full of ‘spirit and life.’
No doubt novelty itself was part of the attraction, but other factors strongly
supported the rise of Gaussian physics and the accompanying values. First among
these were the practical needs of modern industrial society. If precision in astron-
omy primarily served the interests of navigation, and hence of trade, precise heat
measurements were mainly promoted because of their perceived relevance for
heat engines, and thus for industry. The subsequent shift towards precision mea-
surements in electrodynamics and the related quest for electrical standards was
likewise connected to the rise of telegraphy and the interests of the telegraphic
industry.102 At the end of the century, precision measurements in black body ra-
diation that gave rise to a new revolution in physics were just as closely connected
to the rapid emergence of electric light. No doubt, the perceived social relevance
and the associated view of progress helped to raise enthusiasm for the new style
of physics.
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Moreover, Gaussian physics supported the drawing of clear disciplinary and
professional boundaries. Because it relied upon expert skills – both mathematical
and experimental – and expensive facilities, it served to exclude outsiders and to
select new professors. Amateurs, who lacked laboratories and sophisticated mea-
suring instruments as well as the required skills and protocols, could no longer
contribute to the new style of physics. In the early nineteenth century chemistry
and experimental physics largely overlapped, but Gaussian physics allowed for a
much clearer distinction between the two. Most of all, measuring skills could be
trained through laboratory instruction, and could be measured by the precision
achieved, whereas the discovery of new phenomena was much more elusive. It is
no coincidence that the new style of physics flourished at the very moment that
career opportunities began to open up to physicists. By adopting astronomical
standards ‘natural philosophy’ was thus gradually replaced by modern physics.
As we have seen, a whole generation of Dutch physicists flourished in this new
approach. In close collaboration they raised the level of Dutch physics to new
heights. However, in one meaningful respect their approach differed from that of
their predecessors from Königsberg. Where Neumann and Kirchhoff felt uncom-
fortable about unobservable entities such as atoms and molecules, the Dutch
freely based their theoretical efforts on molecular approaches. By aligning theory
and measurements to one another they avoided the pitfalls of empty speculation
on the one hand or sterile data gathering on the other. Their ambition and self-
confidence was, at least in part, connected to their sense of participating in a new
kind of physics, which, as we have seen, was closely modeled on astronomy.
Moreover, they came to excel at it. It seems safe to conclude that Gaussian physics
was one of the key ingredients of the so-called Second Golden Age of Dutch
science.
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2 The drag coefficient from Fresnel to
Laue1
Michel Janssen
Snell’s law of refraction, sin i ¼ n sin r, was Lorentz invariant avant la lettre. After
all, it can be derived directly from Maxwell’s equations. This a-historical
observation provides a convenient way of introducing the issue that I will discuss
in a historically more respectable fashion in this essay. The luminiferous ether,
the 19th-century medium for the propagation of light, was believed by many
physicists at the time to be completely immobile, i.e., to be at rest with respect to
something like the fixed stars.2 That means that experiments on earth are always
carried out in a frame of reference in motion through the ether. Snell’s law holds
in the frame of ether. As long as (what are now called) Galilean transformations
are used to relate two frames in uniform relative motion with respect to one
another, it follows that the law does not hold in the frame of the earth. In
refraction experiments on earth, one would expect deviations from Snell’s law of
order v=c, where v is the velocity of the earth with respect to the ether and c is the
velocity of light. If the velocity of the earth with respect to the sun is used as an
estimate of v, this ratio is about 104. In the early-19th century, optical
experiments were already accurate enough to detect effects this small. Yet no
deviations from Snell’s law were ever seen in experiments on refraction. To
account for the discrepancy, Fresnel introduced the ether drag coefficient named
after him. Initially, the drag coefficient was seen as a peculiar dynamical effect
rendering the motion of the ether invisible at least to first order in v=c. However,
it was not until the 1890s that Lorentz (1892) proposed a satisfactory dynamical
model for the drag coefficient based on his microscopic elaboration of Maxwell’s
electromagnetic theory. In the intervening decades, a number of physicists had
already suggested that one should give up on finding a dynamical model for the
Fresnel drag effect altogether and just accept the drag coefficient as part of some
general principle of relativity for optics.3 Only three years after introducing his
electromagnetic model for the effect, Lorentz himself, in effect, showed that the
drag effect is a kinematical effect in the sense that it is independent of the details
of the dynamics. In a book known in the historical literature as the Versuch,
Lorentz (1895) showed that the drag coefficient follows immediately from the
Lorentz-invariance (to first order v=c) of the source-free Maxwell equations, a
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result he himself called the ‘theorem of corresponding states’. Lorentz did not
appreciate at the time that this new derivation of the drag coefficient suggested a
reappraisal of its status as a dynamical effect peculiar to the interaction of light
and charged particles in matter in motion through the ether. It was left to Laue
(1907) to show once and for all that the Fresnel drag effect is a kinematical effect,
not just in the broad sense of being independent of the details of the dynamics,
but in the narrow sense of being a direct manifestation of the underlying space-
time kinematics. He showed that the Fresnel drag coefficient is a direct
consequence of the way velocities are added in special relativity. In this essay, I
will briefly tell the story of how the Fresnel drag effect went from being classified
as dynamical to being classified as kinematical, first in the broad and then in the
narrow sense.
Aberration, refraction, and the Fresnel drag coefficient
Physicists in the 19th century took it to be completely self-evident that light waves,
like all other waves, need a medium for their propagation. Since light can reach
us from the farthest recesses of the universe, this medium, the luminiferous
ether, had to be omnipresent. In 1804, Young pointed out that the phenomenon
of stellar aberration, discovered by Bradley in the 1720s, indicated that this uni-
versal ether must be immobile, i.e., that the earth and other ponderable matter
move through it without disturbing it in the least. Fig. 1 illustrates stellar aberra-
tion for a star directly overhead. The situation is drawn from the point of view of
the ether.
Fig. 1 – Stellar aberration
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The solid vertical line through O and R – ignore the dashed lines for the moment
– represents a light ray, or more accurately the normal to a plane wave front,
travelling from the star to the earth at velocity c. The shaded rectangles represent
two snapshots of a telescope moving with the earth at velocity v, the first as the
light enters at O, the second as it exits at R. For the telescope to collect the light
of this star, it must be tilted at an angle, called the aberration angle and labeled i
in the figure. This means that an observer on earth will see the star in the direc-
tion indicated by the dashed line through O and P . Drawing a vector diagram for
the two components of the velocity of the light with respect to a terrestrial obser-
ver, one sees that the aberration angle is given by tan i ¼ v=c (since v=c  104,
the angle i is actually much smaller than the drawing in Fig. 1 suggests). Any
currents in the ether would add more components to the velocity of light and
change the aberration angle. Young thus concluded that the universal ether had
to be immobile.
In 1818, however, Fresnel argued that in some situations ether is dragged along
by matter. In the early part of the 19th century, wave theorists assumed that the
index of refraction n was proportional to the square root of the ether density .
Moving transparent substances, Fresnel assumed, would not affect the universal
ether in the space they travelled through but would carry excess ether along with
them to preserve the ether density inside. The weighted average of the velocities
of these two types of ether, the unaffected and the dragged-along, is a fraction
excess=total of the velocity with which the substance is moving through the ether.
Since excess ¼ total  vacuum and total=vacuum ¼ n2, this fraction is equal to
1 1=n2. This expression became known as the Fresnel drag coefficient. Stokes
later suggested an alternative mechanism in which transparent media moving
through the ether drags along all ether inside of it with this fraction.
No matter how one envisions this ether drag, Fresnel showed that the compo-
nent it adds to the velocity of light is necessary to explain why the presumed mo-
tion of the earth with respect to the universal ether does not affect the outcome of
refraction experiments. This extra velocity component ensures that, to first order
in v=c – and greater experimental accuracy was not attainable until much later in
the century – refraction at the surface of a body moving through the ether will
follow Snell’s law, sin i ¼ n sin r (where i is the angle of incidence and r is the
angle of refraction), from the point of view of someone moving with the refracting body. A
lens in a telescope is an example of a refracting body in motion through the ether.
In the simple derivation of the formula for the aberration angle above, it was
tacitly assumed that the observer moving with the telescope can appeal to Snell’s
laws to describe the refraction in the lenses of the telescope. That assumption,
Fresnel showed, is not as innocuous as it may sound. It would not be true without
the extra velocity component resulting from the Fresnel drag effect. With this
extra component, however, no first-order refraction experiment can ever reveal
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the earth’s motion through the ether. In 1871, for instance, Airy found that filling
the tube of his telescope with water did not affect the aberration angle.
A more primitive version of Airy’s experiment can be used to derive Fresnel’s
result for the special case in which the angle of incidence is 0o for the observer
moving with the refracting body. Imagine that the shaded rectangles in Fig. 1
represent two snapshots of a piece of glass with flat surfaces at the top and the
bottom. From the point of view of the ether, the light ray striking the surface at O
makes an angle i with the normal, the dashed line through O and P . If Snell’s
law were to hold from the ether’s perspective, as would be the case if no ether
drag were assumed, the refracted ray would follow the dashed line segment OQ
at an angle r < i with the normal. For an observer moving with the glass, because
of aberration – regardless whether the light source is terrestrial or celestial – the
light ray strikes the surface at O perpendicularly. If Snell’s law holds from this
observer’s perspective, the light thus goes straight through (r0 ¼ i0 ¼ 0o), which
from the perspective from which Fig. 1 is drawn means that the refracted ray
follows the solid line segment OR. As the light is travelling through the glass, it
must therefore be dragged from OQ to OR. Suppose it takes the light an amount
of time t to get from O to R. In that case,
OQ ¼ ðc=nÞt; PR ¼ vt; QR ¼ f vt; ð1Þ
where f at this point is some unknown fraction of v. Since the angles i and r are
very small, their tangents and sines can be used interchangeably. Moreover, the
angle PQO is almost a right angle. Hence, tan r can be set equal to PQ=OQ.
Substituting this value into Snell’s law in the form tan i  n tan r and using that
the aberration angle i satisfies tan i ¼ v=c, one finds:
v
c
 nPQ
OQ
¼ nPRQR
OQ
: ð2Þ
Substituting the expressions in Eq. (1) in Eq. (2), one finds:
v
c
 v
c
n2ð1 fÞ: ð3Þ
It follows that, to order v=c, f must be equal to 1 1=n2, which is just the Fres-
nel drag coefficient.
Direct confirmation of the ‘drag’ effect, or so it seemed, was provided by Fizeau
with an interference experiment that convincingly showed that flowing water
drags along light waves with about half its velocity, which is roughly the value of
the Fresnel drag coefficient for water. As a prelude to their famous ether drift
experiment, Michelson and Morley (1886) repeated Fizeau’s experiment and
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found the same result. In the period 1914-1927, Zeeman measured the velocity of
light in various moving liquids and solids and confirmed the Fresnel drag coeffi-
cient – with a small correction term due to Lorentz – with much greater accuracy
than either Fizeau or Michelson and Morley.4
Lorentz’ two derivations of the Fresnel drag coefficient in the 1890s
Although the formula for the Fresnel drag effect was widely accepted in the 19th
century, the proposals for the physical mechanism behind it – be it Fresnel’s pic-
ture of full drag of some ether or Stokes’s picture of partial drag of all ether – were
not. Stachel (2005, pp. 6-8) quotes statements by Fizeau in 1851 and by Ketteler,
Mascart, and Veltmann in the early 1870s to this effect. As one historian put it,
Fresnel ‘succeeded in accounting for the phenomena in terms of a few simple
principles, but was not able to specify an aether which would in turn account for
these principles.’5
The main objection to the literal interpretation of the Fresnel drag coefficient in
terms of ether drag was connected to a more general problem facing theoretical
accounts of the phenomenon of optical dispersion, the differential refraction of
light of different colours familiar from rainbows and prisms.6 Dispersion theory
ought to furnish a formula showing how the index of refraction depends on the
frequency of the refracted light. In the early part of the 19th century, as mentioned
above, the index of refraction was assumed to be proportional to the square root
of the ether density. This means that substances must carry different amounts of
ether for different colours of light, which, in turn implies that, if the Fresnel drag
coefficient is interpreted literally, substances must drag along ether with different
fractions of their velocity for different colours!
What eventually led to the abandonment of these simple theories of refraction
and dispersion in terms of variable ether density was that they could not account
for the phenomenon of anomalous dispersion, in which the index of refraction for
part(s) of the spectrum decreases rather than increases with frequency. The phe-
nomenon had been noticed by early pioneers in photography but did not receive
serious attention from physicists until the 1870s. At that point, Sellmeier, Helm-
holtz and others began to develop a new type of dispersion theory in which the
behaviour of light in transparent media is explained in terms of the interaction of
the light waves with small harmonically-bound particles with resonance frequen-
cies at the absorption frequencies of the material. It is in the vicinity of these
frequencies that dispersion becomes anomalous. Originally, these theories were
purely mechanical, but in the early 1890s they were reworked in terms of electro-
magnetic waves interacting with electrically charged particles, later to be identi-
fied as electrons. The most sophisticated theory along these lines was the one
proposed by Lorentz (1892) in a monograph-length paper on Maxwell’s electro-
magnetic theory and its application to moving bodies. The ether is completely
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immobile in this theory and has the same density everywhere. The index of refrac-
tion is related not to ether density but to the concentration of charged oscillators.
Lorentz’ 190-page treatise is divided into seven chapters and an appendix. The
behaviour of light in dielectric media is the topic of the final two chapters. In
Ch.VI, which takes up 24 pages, Lorentz derives the equations governing the pro-
pagation of light in a medium at rest in the ether and shows that they have solu-
tions describing waves travelling with velocity c=n through the ether, where n can
be expressed in terms of properties of Lorentz’ microscopic model of the me-
dium. In Ch. VII, which takes up 30 pages, he derives the analogous equations
for a medium moving through the ether with some velocity v, using a co-moving
frame of reference – related to a frame at rest in the ether through a Galilean
transformation. Lorentz (1892, (pp. 524-527)) shows that these equations allow
waves with velocity ðc=nÞ  ðv=n2Þ in the direction of motion of the medium. The
velocity of these waves with respect to the ether is ðc=nÞ þ ð1 1=n2Þv, in accor-
dance with Fresnel’s formula.
Physicists had been struggling with dispersion since the days of Newton, so it
was a tremendous success for Lorentz’ theory that it gave a reasonably satisfac-
tory account not just of normal but also of anomalous dispersion.7 What espe-
cially inspired confidence in Lorentz’ theory was that it gave the Fresnel drag
coefficient without introducing any actual ether drag. This was a triumph for the
theory on a par with the explanation of the normal Zeeman effect half a decade
later.8 Einstein still rehearsed the final steps of Lorentz’ 1892 derivation of the
Fresnel drag coefficient in an unpublished review article on special relativity
twenty years later as well as in courses on special relativity in 1914-15 (see Fig. 2)
and 1918-19 in Berlin, as can be gleaned from his lecture notes (Janssen et al.
(2007), Vol. 7, p. 279, note 7). What makes this all the more remarkable is that
Einstein did not cover – neither in these three documents nor in any other docu-
ment that I am aware of – a far simpler derivation of the Fresnel drag coefficient
that Lorentz gave in 1895 and that is much closer in spirit to special relativity.9
Fig. 2 – Einstein covering Lorentz’ 1892 derivation of the Fresnel drag coefficient in a lecture
in Berlin during the winter semester 1914-15 (Kox et al. (1996), Doc. 7)
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John Norton (2004, pp. 87-92) has conjectured that this 1895 derivation was one
of the stepping stones on Einstein’s path to special relativity and is thus forced to
explain away that Einstein repeatedly covered the 1892 derivation without so
much as a hint at the 1895 one.
The 1895 derivation is given in two short sections of the Versuch,10 Lorentz’
famous book on the electrodynamics of moving bodies, a text we know Einstein
read before 1905. The new derivation is an application of the so-called theorem of
corresponding states that Lorentz first introduced in this book. In modern terms,
this theorem expresses, though initially only partially and approximately, the
Lorentz invariance of Maxwell’s equations.
Lorentz first subjected Maxwell’s equations to a Galilean transformation from a
frame at rest in the ether with Cartesian coordinates ðx0; y0; z0Þ to a frame mov-
ing through the ether at velocity v with coordinates ðx; y; zÞ. It will be convenient
to assume that this velocity is in the x-direction. Lorentz now replaced the electric
and magnetic fields and the time coordinate with auxiliary quantities such that, as
long as quantities v2=c2 and smaller are neglected, the equations in the moving
frame have the same form as Maxwell’s equations in a frame at rest in the ether.
To first order in v=c, the quantities replacing the fields and the time t in the mov-
ing frame are just what would now be called the Lorentz transforms of the fields
and the time t0 ¼ t in the frame at rest. The auxiliary time variable thus depends
on position and Lorentz gave it the suggestive name ‘local time.’11 For the moving
frame under consideration here, it is given by:
t0  t ðv=c2Þx: ð4Þ
Lorentz used the embryonic Lorentz invariance of Maxwell’s equations to show
that one could never detect the earth’s motion through the ether with a first-order
experiment in optics that ultimately boils down to the observation of a pattern of
brightness and darkness. Any such experiment performed on earth, in near-uni-
form motion through the ether, would give the same result that one would find if
one could somehow perform the experiment at rest in the ether.
Given how broad this class of experiments is, the argument for this claim is
surprisingly simple.12 The auxiliary fields at a point with coordinates x and at
local time t0 in the experiment on earth will have the same values as the real fields
in the experiment at rest in the ether for the same values of the coordinates x0
and the real time t0. To describe a pattern of brightness and darkness it suffices
to specify where the fields are large averaged over times that are long compared to
the periods of the light waves used and where these averages vanish. The compo-
nents of the auxiliary fields are linear combinations of components of the real
fields. They vanish or are large wherever and whenever the real fields are. Since
patterns of brightness and darkness can only be defined on time scales that are
large compared to the periods of the light waves producing them, local time and
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real time can be used interchangeably. Combining these observations, one arrives
at the conclusion that if there is a bright (dark) spot at point x0 in the experiment
at rest in the ether, then there will likewise be a bright (dark) spot at the corre-
sponding point x in the experiment on earth. The experiment will not reveal the
earth’s motion through the ether.
The class of optical experiments covered by Lorentz’ argument clearly includes
refraction experiments. Fresnel had shown that according to the immobile-ether
theory refraction experiments will reveal motion through the ether unless the
Fresnel drag coefficient is added to the theory. Lorentz’ theory thus must imply
the Fresnel drag coefficient. In fact, it is a consequence of the embryonic Lorentz
invariance of Maxwell’s equations that Lorentz established with his theorem of
corresponding states. As he showed explicitly, it follows directly from the expres-
sion for local time.13 In Ch. VI of his 1892 treatise, Lorentz had shown that Max-
well’s equations can serve as the basis for a theory explaining why light travels at
velocity c=n through a transparent medium with refractive index n at rest in the
ether. The components of the electric and magnetic fields of a light wave travel-
ling in the x-direction all depend in the same way on x0 and t0 via the combina-
tion
t0  x0
c=n
: ð5Þ
Now consider the same transparent medium moving through the ether with velo-
city v in the x-direction. Replacing the real fields, the coordinates x0, and the real
time t0 in the description of a light wave in the medium at rest in the ether by the
auxiliary fields, the coordinates x, and the local time t0 of the moving frame, one
arrives at a description of a light wave in the same medium in motion through the
ether. For a wave in the x-direction, the components of the auxiliary fields all
depend on t0 and x via
t0  x
c=n
: ð6Þ
The same is true for the components of the real fields, which are just linear com-
binations of the components of the auxiliary fields. Using expression (4) for t0,
one finds that they all depend on t and x via
t v
c2
þ n
c
 
x: ð7Þ
Taking the reciprocal of the expression in parentheses, one finds that the light
wave in the moving medium has velocity
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vc2
þ n
c
 1
¼ c=n
1þ ðv=cnÞ 
c
n
 v
n2
ð8Þ
in the x-direction with respect to the medium. The medium itself is moving
through the ether with velocity v in the x-direction. So, to order v=c, the light
wave in the moving medium has velocity
c
n
þ 1 1
n2
 
v ð9Þ
with respect to the ether, in accordance with Fresnel’s formula.
Lorentz’ exceedingly simple derivation of the Fresnel drag coefficient of 1895
rendered the lengthy calculations in Ch. VII of his 1892 treatise superfluous. The
new derivation made it clear that it suffices to derive from Maxwell’s equations
that light has velocity c=n in a medium at rest in the ether with refractive index n,
as he had done in Ch. VI of the 1892 treatise, and to show that Maxwell’s equa-
tions are invariant under Lorentz transformations, at least to first order in v=c and
for the kind of charge distributions involved. Although Lorentz himself saw it
merely as a convenient shortcut for his derivation of 1892, he had thus achieved a
good deal more with his new derivation of 1895. The 1895 derivation shows that
the Fresnel drag coefficient is kinematical in the broad sense of being indepen-
dent of the details of the dynamics.
Laue’s derivation of the Fresnel drag coefficient from the relativistic
addition theorem for velocities
It was left to Laue to show that the Fresnel drag coefficient is also kinematical in
the narrow sense of having to do with standard spatiotemporal behaviour in spe-
cial relativity. Laue (1907) showed that the drag coefficient is a direct consequence
of the relativistic addition theorem of velocities. Einstein (1905) derived the theo-
rem in his first paper on special relativity, but missed this important application
of it. This is another omission that is hard to square with Norton’s (2004) conjec-
ture about the importance of Lorentz’ derivation of the Fresnel drag coefficient
from the expression for local time for Einstein’s path to special relativity.
As both Einstein and Poincaré recognised, the x-dependent term in Lorentz’
expression for local time reflects the relativity of simultaneity. This is the only
effect that matters in Laue’s derivation of the Fresnel drag coefficient. To derive
the addition theorem of velocities in full generality, one also needs to take into
account the effects of time dilation and length contraction, but those are effects
of second order in v=c while the validity of the Fresnel drag coefficient is re-
stricted to first order.
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Consider light moving through a medium moving at velocity v, both in the
(positive) x-direction. For an observer moving with this medium, the light has
velocity u0 ¼ c=n. Let x0 be the distance covered by the light in the time t0
from the point of view of the co-moving observer. In other words,
u0  x
0
t0
¼ c
n
: ð10Þ
What is the velocity u of the light with respect to the medium for an observer with
respect to whom the medium is moving at velocity v in the x-direction? To order
v=c, the two observers agree on the distance covered: x ¼ x0. However, they
do not agree on the time it takes to cover this distance. This is because they dis-
agree about the synchronisation of the clocks at the end points of the interval
x ¼ x0. t0 in Eq. (10) is determined on the assumption that these two clocks
are properly synchronised according to the co-moving observer. For the other
observer, as follows from Eq. (4), the clock on the left is fast compared to the
clock on the right by an amount of ðv=c2Þx. This amount needs to be added to
the time t0 reported by the co-moving observer. According to the observer with
respect to whom the medium is moving, the velocity u of the light with respect to
the medium is thus given by:
u  x
t
 x
0
t0 þ ðv=c2Þx0 ¼
u0
1þ ðv=c2Þu0 : ð11Þ
If c=n is substituted for u0, this reduces to (cf. Eq. (8))
u  c=n
1þ ðv=ncÞ 
c
n
 v
n2
: ð12Þ
It follows that, to order v=c, the light has velocity (cf. Eq. (9))
uþ v ¼ c
n
þ 1 1
n2
 
v ð13Þ
with respect to the observer for which the medium is moving at velocity v in the
x-direction. This concludes the proof that the Fresnel drag coefficient is a direct
consequence of the relativity of simultaneity.
Laue’s 1907 derivation of the Fresnel drag coefficient is mathematically equiva-
lent to Lorentz’ 1895 derivation (compare Eqs. (10)-(13) to Eqs. (5)-(9)). Laue’s
derivation, however, clearly brings out the meaning of the x-dependent term in
Lorentz’ local time in terms of the relativity of simultaneity. It also shows, in the
unkind glare of hindsight, that it was a mistake to look for a dynamical explana-
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tion of the extra velocity component that Fresnel showed was needed for a satis-
factory account of refraction in moving media (cf. Eqs. (1)-(3)). Ketteler, Velt-
mann, and Mascart were right in the 1870s to use Fresnel’s formula but to ignore
its dynamical explanation in terms of ether drag. And physicists in the 1890s were
wrong to count Lorentz’ dynamical explanation of 1892 as further evidence for his
impressive electro-dynamical theory of refraction and dispersion. The Fresnel
drag coefficient did not call for a new dynamics but for a new space-time kine-
matics.
The kinematical nature of the Fresnel drag coefficient (both in the broad and in
the narrow sense) was emphasised by Einstein in his popular book on relativity.
After presenting Laue’s derivation of the drag coefficient from the relativistic ad-
dition theorem of velocities, he wrote:
a theory of this phenomenon was given by H.A. Lorentz [1892] long before the
statement of the theory of relativity. This theory was of a purely electro-
dynamical nature, and was obtained by the use of particular hypotheses about
the electromagnetic structure of matter.14
In another passage in the book, Einstein explicitly stated that special relativity
gives the Fresnel drag coefficient ‘without the necessity of drawing on hypotheses
as to the physical nature of the liquid’ (ibid., p. 51).
Norton suggests that Einstein may have had an ulterior motive in mentioning
Lorentz’ derivation of 1892 on several occasions but not his derivation of 1895:
‘Einstein may have wanted to contrast Lorentz’ dynamical derivation of 1892 with
the kinematical derivation in special relativity, conveniently passing over Lorentz’
1895 result’ (Norton (2004), p. 91). Norton disparages Lorentz’ 1892 derivation as
‘quite unilluminating, demonstrating only that a rather cumbersome and opaque
application of Maxwell’s equations to the propagation of electromagnetic waves
in moving media yields the Fresnel drag’, while praising the 1895 one as ‘a much
simpler, essentially kinematical derivation’ (ibid.). When the two derivations are
put side-by-side, it is hard to disagree with Norton’s assessment. I do, however,
want to register some reservations. First, Lorentz’ by Norton’s lights equally
‘cumbersome and opaque’ application of Maxwell’s equations to the propagation
of electromagnetic waves in media at rest in the ether in Ch. VI of his 1892 treatise
was a milestone in the checkered history of dispersion theory. Moreover, even
Ch. VII on moving media was of considerable value. In this chapter Lorentz
showed for the first time in nearly three quarters of a century that a coherent
account of the physics behind the Fresnel drag coefficient was possible. That he
did not recognise right away that his was only one possible account hardly di-
minishes this achievement. Finally, it is hard to believe that Einstein would pass
over Lorentz’ 1895 derivation in silence (cf. note 9) if that derivation really was as
important as Norton conjectures it was for Einstein’s path to special relativity.
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With Laue’s derivation of the Fresnel drag coefficient its status was finally fully
clarified. Contrary to what its origin in the analysis of refraction and aberration
suggests, the drag coefficient carries no information whatsoever about the phys-
ics of light in transparent media other than that it is in accordance with the gen-
eral rules for the spatiotemporal behaviour of systems in Minkowski space-time.
The Fresnel drag coefficient just reflects that the velocities involved when light
propagates through a moving medium add the way all velocities add in special
relativity.
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Notes
1. This essay is an expanded version of one of three case studies that make up my paper
‘Drawing the line between kinematics and dynamics in special relativity’ in Studies in
history and philosophy of modern physics (Janssen (2009)). I want to thank Dennis Dieks
and Jos Uffink, the editors of the journal, for giving me permission to use this material
for this volume.
2. See Janssen & Stachel (2004) for a concise version of the history of optics in moving
bodies in the 19th century.
3. Stachel (2005).
4. Zeeman (1927). See Kox (1993) for discussion of this work by Zeeman.
5. Whittaker (1951-53), p. 125.
6. For a brief discussion of 19th-century dispersion theory and references to further
literature on this topic, see Duncan & Janssen (2007), sec. 3.1.
7. Only two decades later, the old quantum theory would pull the rug out from under
Lorentz’ account of dispersion (Duncan & Janssen (2007), sec. 3).
8. See Kox (1997) for an account of the discovery of the Zeeman effect based on
Zeeman’s laboratory notebooks.
9. Anne Kox first drew my attention to this remarkable blind spot on Einstein’s part
when we discussed these matters in the 1980s.
10. Lorentz (1895), secs. 68-69, pp. 95-97.
11. Lorentz (1895), p. 81.
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12. But I suppress one key assumption that Lorentz tacitly made, viz. that a material
system producing a particular field configuration at rest in the ether automatically
turns into the system producing the corresponding state of that field configuration in
a frame moving through the ether if it were carefully and slowly accelerated to the
velocity of that frame. Lorentz only made that assumption explicit a few years later in
the context of the first version of his exact theorem of corresponding states, in which
case the differences between the two corresponding states are much more
pronounced, including for instance the Lorentz-FitzGerald contraction (Lorentz
(1892)). For this reason, I have dubbed this extra assumption the ‘generalised
contraction hypothesis’. (Janssen (2002), p. 425; (2009), pp. 32-33).
13. Lorentz (1895), secs. 56-58.
14. Einstein (1917), p. 41.
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3 The origins of the Korteweg-De Vries
equation: Collaboration between
Korteweg and De Vries1
Bastiaan Willink
The Korteweg-De Vries equation that describes the behaviour of long wavelength
waves in shallow water has generated an extensive body of literature since Zabus-
ky and Kruskal rediscovered it in 1965, and today it is used in many physical and
technological applications.2 It is not necessary to add to the discussions about the
contents of the equation or the genesis of the theory of non-linear partial differ-
ential equations, about which Eduard de Jager has recently written two papers
that also serve as a general introduction to the topic.3 Earlier, Robert Pego and
others questioned the originality of the work by De Vries and Korteweg, especially
in relation to the work done by Boussinesq (1842-1929).4 Pego has pointed out
that the Korteweg-De Vries equation is exactly equivalent to a pair of equations
that appear in three of Boussinesq’s publications. Moreover, in the third of these
publications, the monumental (680 pages) Essai sur les eaux courantes (1877), the
equation itself appears in a footnote.5 De Jager, on the other hand, posits that it
is plausible that, although the Korteweg-De Vries equation can be deduced from
the work of Boussinesq by means of relatively simple substitutions, Korteweg and
De Vries still arrived at new and important results via a different route than Bous-
sinesq. Apart from the mathematical and hydrodynamical aspects of the discus-
sion on priority and originality, there are other historical aspects to be consid-
ered. Anne Kox has previously described Korteweg, the senior author of the
article, as the nexus between the Departments of Physics and Mathematics of the
University of Amsterdam, and Ad Maas considers him a transitional figure in the
mathematical and academic traditions.6
In this chapter, I will elaborate on the personal backgrounds of both Korte-
weg and De Vries to shed new light on the peculiar genesis of De Vries’ disser-
tation (proefschrift) and the paper about the Korteweg-De Vries equation. Though
Korteweg is known as a Dutch pioneer in the area of scientific bibliography,
paradoxically enough something appears to have gone wrong with the review of
the international literature by his doctoral student (promovendus) Gustav de Vries.
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It seems strange that Korteweg, who has played such an important role in the
professionalization of the exact sciences in the Netherlands, has somehow
neglected to properly supervise his doctoral student, even though this was one
of the essential aspects of his responsibilities as a professor. The biographies
presented here will show that Korteweg and De Vries were people of flesh and
blood, which makes the remarkable events surrounding De Vries’ doctorate (pro-
motie) in 1894 easier to understand.7 I will make clear that, precisely in this
period, Korteweg and De Vries were pressed for time, so in some respects they
acted very hastily. I will also clarify what Korteweg and De Vries knew of the
closely related work by Boussinesq. It was of particular importance to unearth
these facts, because they have a tendency of disappearing without a trace if they
are not discussed in detail. By presenting the situation in some detail, I will
attempt to bring to life these two diverse personalities under stress, involved in
a race against the clock.
I discovered the De Vries Archive, on which this chapter is based in part, as a
result of my continued investigations following the publication of my book De
Tweede Gouden Eeuw (The Second Golden Age) in 1998. Delving into Korteweg’s
archives was a straightforward task, as many of his documents have been pre-
served. The most important of these are in Korteweg’s scientific archive, housed
in the library of the University of Amsterdam.8 Based on the Korteweg material in
general, and in particular of the period around 1894, the picture can be made
fairly complete. Eduard de Jager, making use of the newly discovered De Vries
archives, shows convincingly that De Vries arrived at the results presented in his
doctoral dissertation almost independently.9 For this reason, De Vries deserves
more credit than I have given him in De Tweede Gouden Eeuw, in which I concluded
that Korteweg must have been the main author of the dissertation. Meanwhile, I
have discovered other facts and documents that helped me find indirect evidence
of De Vries’ talent and made it easier to understand how he could arrive at this
original work in the last year of his doctoral research. The interesting question is
whether later in life he has done valuable scientific research as well. I will first
present a more detailed impression of Korteweg as a person, so that his re-
sponses to the requirements of De Vries’ doctoral dissertation in the period 1893-
1895 can be better appreciated.
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The Korteweg-de Vries (KdV) equation is a non-linear partial differential
equation whose simplified form reads as follows10:
@u
@t
 6u @u
@x
þ @
3u
@x3
¼ 0
Where u ¼ uðx; tÞ denotes the wave amplitude at point x in space at time t.
The non-linearity of this equation is due to the second term on the left-hand
side of the equation
Fig. 1 – Diederik Korteweg (1848-1941) around 1898. Litho by Theo Molkenboer
Life of Korteweg
Diederik Johannes Korteweg (1848-1941) was the eldest son in a family of six
children, five boys and one girl.11 His father, who was not a Catholic, was a judge
in Den Bosch, the capital of the mainly Catholic province of Noord-Brabant in the
South of the Netherlands. Not being Catholic, the family’s social position was
rather isolated. This is reminiscent of the situation of the painter Vincent van
Gogh (1853-1890), whose father was a Protestant Minister in Nuenen, also in
Noord-Brabant. The family’s isolated position may have contributed to Korte-
weg’s father becoming a Freemason, a move that was not unusual amongst pro-
gressive citizens of this period,12 and it was within the Freemason milieu that
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Korteweg’s father made his real career. He achieved membership of the Nederlands
Hoofdbestuur (Dutch Central Committee) under Prince Frederik (1797-1881), the
brother of King Willem II, and in international arbitration commissions. He suc-
cessfully passed on this independent and international outlook to his sons. His
eldest son Died[erik] became a Freemason as well, but he left the institution at an
early stage. The sons were all ‘non-believers’ and politically left-leaning or liberal.
Died played a role in Amsterdam liberalism and he assisted the well-known acti-
vist and Dutch novelist Multatuli (Eduard Douwes Dekker, 1820-1887) financially.
The Korteweg brothers were all relatively successful. The second son, Bas
[tiaan], was also a mathematician, who owed his position as a lecturer at the
Koninklijke Militaire Academie (Royal Military Academy) in Breda to Died, but he
was unable to do his own independent research. Politically, Bas went further
than Died and became a socialist. Like his brother, Bas came into direct contact
with Multatuli, since he was married to the actress Elize Baart, who had acted in
Multatuli’s play ‘Vorstenschool’ (School for Monarchs) on its opening night. Died’s
third brother, Jo[han], became a professor of surgery, while his fourth brother,
Piet[er], was an important malaria research scientist.13 When they began to des-
pair of the future, Bas and his wife committed suicide together in 1879, a tragedy
that reached the national press and affected the family especially deeply. Dutch
novelist Jeroen Brouwers has devoted a small book to this tragic event.14 Although
Brouwers considers it speculative, I believe that the strongly competitive atmo-
sphere among the brothers may have contributed to the suicide. As students, the
brothers used to give each other puzzles to solve, each from their own field of
study, to force each other to study other subjects than their own.15
Having grown up in a family where children were expected to be high achie-
vers, it is peculiar that Died Korteweg had a relatively sketchy education. He first
received elementary education at the Instituut Berman, Opleidingssschool voor Breda en
Willemsoord (Berman Training Institute for Breda and Willemsoord)16 and later he
took private lessons from School Inspector Ringeling. Not until September 1865
did he go to the Polytechnische School (Polytechnical School) in Delft. This later
became the Delft Technical University, but according to the regulations of 1863 it
was classified at that time as an institute of Secondary Education (Middelbaar On-
derwijs). Korteweg was not happy with the curriculum in Delft: he found it too
applied and too ‘unscientific’.
After receiving his secondary school teacher’s qualifications (Middelbare Akte) in
1869, at age 21, he became a teacher, first in Breda and in 1873 in Tilburg, at a
Hogere Burger School (HBS), the newly developed school type preparing for (higher)
technical and business professions (abolished in 1968). While teaching, he con-
tinued studying mathematics in his free time. It was not until 1876, at 28, that he
took the university entrance examination in Utrecht. Remarkably enough, Dieder-
ik Korteweg’s initially slow progress was followed by a rapid succession of career
advancements. In April 1877, Died passed his Kandidaatsexamen (a University exam
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at the bachelor level that has now been abolished), one month before his younger
brother (by three years) Jo obtained his doctorate in medicine.17 Since 1877 Die-
derik Korteweg had been assisting the physicist and future Nobel laureate [1910]
Johannes Diderik van der Waals (1837-1923) in solving mathematical problems.
Soon afterwards, on 31 January 1878, he passed his ‘Doctoraalexamen’ (Master of
Science) with honours at the University of Amsterdam. By this time, he must al-
ready have been quite far along with his doctoral research about the speed of the
propagation of waves in elastic tubes, since he obtained his doctorate in the same
year. On 12 July 1878 he was the first doctoral graduate of the University of Am-
sterdam. According to his own statement, he had received much assistance from
Professor Van den Berg in Leiden.18 Two weeks after receiving his doctoral de-
gree, he married Bientje, Baronesse d’Aulnis de Bourouill, whose brother was a
pioneer of mathematical economics in the Netherlands. At first glance, this union
appears to be an instance of ‘marrying upwards’, but the d’Aulnis family was not
very class-conscious. To their disappointment, the pair remained childless.
Not much later, in 1881, Korteweg was appointed professor at the University of
Amsterdam.19 In addition to his aspirations to become a university professor, the
issue of the ‘competing brothers’ played a role in Korteweg’s strong achievement
drive, as was also the case with De Vries and later with Korteweg’s most famous
student Luitzen Egbertus Jan Brouwer (1881-1966), who specifically competed
with his cousins. At the university, Korteweg lectured in mathematics, mechanics
and astronomy. This he did meticulously. He could be very demanding of stu-
dents, but in later years he certainly became a fatherly figure, too. In addition to
teaching, he worked – encouraged by Van der Waals – on the mathematical de-
scription of plaits on surfaces and the application of this to Van der Waals’ theory
on equilibrium phases of binary mixtures. The extensive papers by Korteweg on
this subject appeared in 1889 and 1891, and have been rediscovered and put in
their historical context by J. Sengers-Levelt.20 Apart from the work by Pieter Hen-
drik Schoute (1846-1923), these were the first mathematical papers of interna-
tional significance during the ‘Dutch Second Golden Age’. Ad Maas has pointed
out that, in some respects, Korteweg can be considered a transitional figure be-
tween professors who did useful work involving applied mathematics around the
middle of the nineteenth century, and genuine scientific investigators, such as
Brouwer, after 1900.21 Nonetheless, in his role as a mathematical investigator
Korteweg appears to be more significant than most ‘professionals’ of the genera-
tion succeeding him.
What is remarkable about Korteweg is how he spent considerable energy work-
ing in many diverse fields, and how he almost always obtained important results.
After finishing his mathematical career, he did most of the editorial work for the
collected works of Christiaan Huygens (1629-1695) from 1905 to 1927, during
which period he made discoveries about Willebrord Snellius’ (1580-1626) influ-
ence on René Descartes (1596-1650) and that of Descartes on Huygens. At the
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same time, he immersed himself in work for the Dutch regional office of the
International Catalogue of Scientific Literature, where all scientific papers and
books were registered and classified. In the doctoral dissertation of Paul Schnei-
ders, dealing with the library and documentation movement from 1880 to 1914,
Korteweg’s Sisyphean task is discussed in detail.22
Life of De Vries
Gustav de Vries (1866-1934) came from a family that, in many respects, resembles
that of Korteweg, although his father, a bookseller in Amsterdam, had a different
social status than Korteweg’s father as a judge in Den Bosch. Yet, an equally com-
petitive atmosphere prevailed in the equally respectable ‘bourgeois’ family of Kor-
teweg’s doctoral student. To gain a better perspective on De Vries’ family back-
ground, a book from 1936 about the De Vries family was a good starting point for
further research.23 Further material on the De Vries family was found in the pos-
session of two of Gustav’s grandsons, living in Leiden, who represent the only
remaining De Vries family line. These documents, originally belonging to their
grandfather, offer some interesting perspectives into Gustav de Vries’ personal
and professional life.
Fig. 2 – Gustav de Vries (1866-1934)
The available material clearly shows the resemblances between the two families.
Two of Gustav’s brothers made as much of a name for themselves as two of
Korteweg’s brothers did: Gustav’s elder brother Jan was professor of mathematics
at the University of Utrecht,24 while a third brother, August, became Secretary-
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General at the Ministry of Finance as well as Staatsraad in Buitengewone Dienst (State
Councillor Extraordinary).25 Died Korteweg and Jan de Vries – who were both
eldest sons in their respective families – knew each other well, as they were both
professors of mathematics and members of the Koninklijke Akademie van We-
tenschappen (Royal Netherlands Academy of Arts and Sciences). They both helped
their younger brothers, who were talented in mathematics, to obtain a position.
As mentioned earlier, Died Korteweg managed to arrange a position at the Royal
Military Academy in Breda for his brother Bastiaan – who later died tragically –
and similarly, when he himself was appointed at the Delft Polytechnical School in
1894, Jan de Vries, was able to pass on to his brother Gustav his teaching position
at the HBS in Haarlem. For a long time, Gustav was not quite comfortable in this
position, possibly due to his frustration at his brothers’ successes, although it is
difficult to assess to what degree this has been the case.
Gustav de Vries reminds one of Bastiaan Korteweg also in other respects. Ear-
lier, in 1892/93, he was a teacher at the Royal Military Academy in Breda, like
Bastiaan Korteweg. In 1893/94, he became a teacher at the Cadettenschool (School
for Cadets) in Alkmaar. Once he had taken over his brother’s teaching position at
the HBS in Haarlem on 4 April 1894, he remained there for the remainder of his
career. During his first years of teaching all went well – he even substituted for a
colleague who was ill –, but as time went on, the annual reports of the HBS for
1902, 1903 and 1904 repeatedly show passages like ‘absent for a considerable
period because of illness.’26 In 1908, De Vries sent an open letter to Haarlem’s
Wethouder van Onderwijs (Alderman for Education) Thiel, which, ironically, resem-
bles to some extent the pamphlet published by Bas Korteweg about his resigna-
tion from the Royal Military Academy. He explained that in 1902 he had spent five
weeks in a sanatorium for mental patients, having had a nervous breakdown as a
result of his disappointments due to failed job applications and lack of support
from his Principal Brongersma.27 Eventually, in 1909, he was dismissed from his
post at the five-year HBS and appointed as a teacher at the less demanding three-
year variant of the school.
De Vries’ fight for recognition
De Vries did not have an easy time having his academic papers published, even
after he graduated from the university in December of 1894. Apart from his teach-
ing, his family of four remaining children – after the death of his first child –
demanded much of his attention, which he did not always give willingly. Still, he
tried to continue studying and writing in his Haarlem home at Ripperdapark 45.
In this way, he managed to finish two publications: a paper about cyclones in the
Proceedings of the Royal Netherlands Academy in 1900 (which I have not looked
into) and a textbook on arithmetic and algebra, Beknopt leerboek der reken-en stelk-
unde, published by De Erven Bohn in 1907. A year later, he must have been un-
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pleasantly surprised when a manuscript that he had submitted through Korteweg
was returned to him by the journal Nieuw Archief voor Wiskunde (New Archive for
Mathematics). Korteweg showed him the rejection letter from the journal’s editor,
professor of mathematics and algebraist at the University of Leiden, Kluyver, who
wrote:
Amice (Dear Colleague),28 I have perused the strange piece by Mr De Vries. It
gives me the impression that the author has accidentally noticed a quite
natural and unexceptional phenomenon, of whose true nature he makes no
correct representation, and now more or less raises the status of what actually
amounts to a commonplace thing to a miracle.
Kluyver then goes on to explain the weak aspects of the manuscript and calls De
Vries an author of advanced age (schrijver op leeftijd). De Vries was 42 years old at
the time!29
Kluyver’s rejection letter dates from April 1908 and must have increased De
Vries’ frustration. From De Vries’ long open letter to the Alderman, which ap-
peared in print in August of the same year, it appears that he had many colleagues
who found him socially inept, unable to discipline students, and incompetent as a
teacher. Although De Vries appears to have done quite well teaching the lower
grades, his demands on students in the higher grades may have been too high.
Possibly, he may not have expected too much from the younger students, while in
the older ones he may have looked for spiritual affinity. In his letter, De Vries cites
the lack of support from his Principal and then continues, interestingly enough,
that: ‘[this] added to the grief caused by the sudden death of a child’. The fact that
he lists his professional disappointments first says something about the immen-
sity of De Vries’ frustrations. Clearly he was not happy in his teaching position, as
he applied to all kinds of positions during the time he was required by the
school’s Principal to teach below his level of qualifications. Unfortunately these
efforts were without success: he was never even put on the shortlist.
In spite of all these setbacks, De Vries published in 1912, through Korteweg,
two papers about his own calculus rationis in the proceedings of the Royal Nether-
lands Academy of Arts and Sciences.30 After 1912, his life became more fulfilling
as he began to feel more at home in the new school where fewer demands were
made on him. He taught mathematics for seven hours a week, in all the three
grades, using his own textbook for the purpose – until 1911 –, as well as the one
about planar geometry written by his brother and Janssen van Raaij. In addition,
he taught accounting.
As De Vries was under less pressure, he had more time to focus on spiritual
matters. In 1913, he was confirmed as a member of the Freemasons in the lodge
‘Vicit vim virtus’ (Virtue has overcome power), of which he became Master in
1916.31 Together with some other members, he broke away from this lodge in
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1916 and joined the new lodge of Kennemerland. For both lodges he organized
long and elaborate discussions on a variety of philosophical subjects. Remarkable
among the papers in the possession of De Vries’ grandsons, in this respect, is a
long analysis of Goethe’s Faust, written in the footsteps of a French commenta-
tor.32 As time went by, De Vries evolved in spiritual matters and eventually he
became a spiritualist. This development may sound somewhat strange today, but,
around 1900, many scientists, especially in Britain and the United States, carried
out intensive ‘psychical’ research . In order to be able to explain the possibility of
life after death, they theorized about the fourth and higher dimensions. Among
them was the French Nobel laureate in medicine Charles Robert Richet (1850-
1935) as well as the physicists Oliver Joseph Lodge (1851-1940), who proposed
the term ‘black hole’, and Sir William Crookes (1832-1919), whose papers De
Vries had studied in the course of his doctoral research. Over the years, he settled
into a relatively uneventful existence of teaching and exercising his spiritual lean-
ings. In December 1934, De Vries was knocked down by a car while returning
from a séance in Haarlem-Noord.33 He died not much later in the hospital, sur-
vived for three years by his ever-sickly wife.
At this point, there does not seem to be much about De Vries and his sad career
that has not been discovered34. However, his writings are still an important topic
of further study. Troelstra has suggested, and rightfully so, that an expert on
mathematical-analysis should review and analyze De Vries’ publications on the
‘calculus rationis’. In addition, it would certainly be worthwhile to make a detailed
comparison between De Vries’ doctoral dissertation and the Korteweg-De Vries
paper. In all, the remaining image of De Vries is that of a man with considerable
communication problems.35 He was a decent scientist and a good investigator,
whose doctoral dissertation proved to be his most significant achievement. Di-
rectly or indirectly, this may have been due in part to the pressures put upon him
by Korteweg and by his teaching obligations, which he clearly experienced as
onerous.
Korteweg’s letter
In a footnote in my book De Tweede Gouden Eeuw, I published a letter from Korte-
weg, as dissertation advisor, to his doctoral student De Vries. From this letter I
deduced that Korteweg was the main author of the dissertation. The content of
the letter is surprising.36 It dates from October 1893, one year before De Vries’
dissertation defence, on 1 December 1894. It is striking for a dissertation advisor
to criticize his doctoral student for having advanced very few ideas of his own so
close to his dissertation defence. This appeared so peculiar to me that it induced
me to start new investigations, which resulted in the discovery of the De Vries
archive and Eduard de Jager’s reappraisal of the contributions of De Vries.
Because of its historical interest, I am quoting the letter here:
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Dear Sir,
To my regret I am unable to accept your dissertation in its present form. It
contains too much translated material, where you follow Rayleigh and
McCowan to the letter. The remarks and clarifications that you introduce now
and then do not compensate for this shortcoming. The study of the literature
concerning your subject matter must serve solely as a means for arriving at a
more independent treatment [‘whereby you’ is put in by mistake, B.W.],
expressed in your own words and in accordance with your own line of
reasoning, prompted, possibly, by the literature, which should not be followed
so literally. When you have mastered your subject matter to the extent that you
can do this, then naturally you will also be confronted with the questions
raised by Rayleigh and McCowan, which will provide you with the opportunity
to display your strength.
In order to facilitate your progress, I send you the outline of a treatment of
a single wave according to a slightly modified method due to Rayleigh37 [to
see whether I] could find a guiding principle to offer you for further
elaboration. […] Naturally, I cannot know whether I can succeed in this. […]
For an historical overview of the theory of waves, you should consult much
more literature than you have done thus far, and this task will be difficult to
carry out in Alkmaar. Your introduction consists too exclusively of issues that
one can equally well find in handbooks (Lamb and Basset).
It is obviously a disappointment for you who must have deemed to have
already almost completed your task, to discover that you have apparently only
completed the preparatory work. In the meantime do not be downhearted.
With pleasure I will do my best to help you mount the horse […]38
The doctorate of De Vries
De Vries must have been under considerable pressure in the period after he had
received this letter. It appears, though, that this was also the case for Korteweg.
The first directly relevant event that must have put Korteweg under quite a strain
during the period surrounding the dissertation defence by De Vries was the death
of Nicolaas de Roever (1850-1893), Archivist of the City of Amsterdam. As De
Roever’s wife had already died earlier, Korteweg and his wife, though in their
forties and childless, adopted the three De Roever children, two girls and one
boy, in 1893 or 1894. The death in 1896, at age eleven, of their adopted son Arend,
must surely have been a devastating blow to the family, too. It is not clear whether
Arend had been ill long before his untimely death, but if this was the case, it may
also have added considerable stress.39
Apart from Korteweg’s sudden fatherhood, the other relevant event in the peri-
od around De Vries’ doctorate was the fact that Korteweg became Rector Magnificus
(Chancellor) of the University of Amsterdam (1893-1894) and had to work on,
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among other things, the text of his acceptance address entitled ‘Het Bloeitijdperk der
Wiskundige Wetenschappen in Nederland’ (The Golden Age of mathematics in the
Netherlands). In this address, delivered in January 1894, he discussed the seven-
teenth-century heyday of mathematics, thus anticipating his historical research
during the latter part of his life as a scientist. All these time-consuming respon-
sibilities, in combination with his teaching duties, make it clear why Korteweg
was rather blunt in his judgement when he received the first draft of De Vries’
dissertation. As a doctoral advisor, Korteweg was a meticulous, level-headed, and
efficient worker of great versatility, but he had apparently reached the limits of his
capabilities. When reading the dissertation draft, he must have looked back on
his own efficient doctoral research and must have realized that De Vries had not
really made much progress. In the past few years he had been working on the
history of the Dutch mathematicians of an earlier age and on the theory of analy-
tic surfaces, and presumably he had not had a chance to closely follow the litera-
ture on hydrodynamics. Thus, while he did see that De Vries had studied John
Scott Russell (1808-1882), George Biddell Airy (1801-1892), John William Strutt,
3rd Baron Rayleigh (1842-1919), John McCowan (1863-1900), Sir Alfred George
Greenhill (1847-1927), and Boussinesq, he did not notice that important publica-
tions by Boussinesq were missing.
Pressure and carelessness
In view of De Vries’ circumstances in 1893-1894, it is interesting to elaborate on
the interaction between him and Korteweg and to find out more about their
knowledge of the work of Boussinesq. As I have shown earlier, De Vries had sub-
mitted the first draft of his doctoral thesis to Korteweg, just before his elder
brother Jan arranged for his new position in Haarlem. Korteweg’s rebuke of De
Vries made him shift into higher gear, but meanwhile the young HBS teacher had
already become very busy teaching. In fact, after his doctorate, De Vries com-
plained that he no longer had any time for writing or research because of the
large number of tests he had to grade, though he must already have been obliged
to do this kind of work before. Yet, while the paper for the Royal Society was
being prepared by ‘my young friend and myself’, as Korteweg writes in his sub-
mission letter to the editor of Philosophical Magazine40, Korteweg insisted on much
more scholarship, as is also seen in the letter quoted earlier. Thus, at the begin-
ning of 1894, both dissertation advisor and doctoral student were under consider-
able pressure to deliver and had little time to do so. They must have thought: it is
now or never.
Since De Vries did, unfortunately, not include a bibliography in his doctoral
dissertation, we cannot be sure, but it appears that the pressure he was under at
the time affected De Vries’ literature review. He left behind some neat summaries
of the literature he studied, which included papers by Boussinesq that were pub-
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lished in 1870 and 187141. Thus, we are able to follow him closely in his readings.
He began with the English literature on his subject of interest and must have
encountered Boussinesq’s name in Rayleigh’s paper ‘On Waves’ that appeared in
April 1876 in Philosophical Magazine. As Rayleigh42 writes:
I have lately seen a memoir by Mr Boussinesq (1871, Comptes Rendus, Vol.
LXXII.), in which is contained a theory of the solitary wave very similar to that
of this paper. So far as our results are common, the credit of the priority
belongs of course to Mr Boussinesq.
Apart from Boussinesq’s paper of 1870 and his first paper of 1871, De Vries later
also studied some other French publications, including papers by Adhémar Jean
Claude Barré de Saint-Venant (1797-1886) from 1885. One of these 1885 Saint-
Venant papers, published in Comptes Rendus, Vol. CI, makes a clear reference to
Boussinesq’s Essai sur la théorie des eaux courantes (Treatise on the theory of running
water), his 680-page treatise published in 1877. As Pego has pointed out, the
Korteweg-De Vries equation is used by Boussinesq in a somewhat different form
in earlier articles, but in the same form in a footnote of the essay. Later, De Vries
explicitly refers to Boussinesq’s Essai on pages 38 and 40 of his summary of Saint-
Venant’s paper and he even writes at the bottom of page 37: ‘ Essai sur les eaux
courantes’, followed by an exclamation mark ‘!’ (See Fig. 3).43
De Jager believes that Korteweg and De Vries might also have cited other work
by Boussinesq if only they had had more access to international sources, as he
writes in his extensive paper:44
It is somewhat surprising that Korteweg and De Vries refer in their paper only
to Boussinesq’s short communication in the Comptes Rendus of 1871 and not to
the extensive article in the J. Math. Pures et Appl. and the Essai sur la théorie des
eaux courantes of 1872, respectively 1877. However, we should realize that the
international exchange of scientific achievements in those days was not at the
level as it is today.
I believe, though, that De Jager is jumping to conclusions here. In spite of Kor-
teweg’s exhortations to De Vries to study more, there are no indications that De
Vries was aware of Boussinesq’s second 1871 paper, or of his 1872 paper. There
is also nothing to suggest that De Vries read the 1877 treatise, which is espe-
cially odd, considering that he put an exclamation mark after its title in his
literature summary. Very probably a copy of the work was already available in
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Fig. 3 – De Vries mentioning Boussinesq’s Essai at the bottom of page 37 of his summary of
Saint-Venant, 1885.
the Netherlands at that time, as it had been given an award by the French Académie
des Sciences.45 In the library of the Delft Technical University, for example, I found a
copy of the work that must have arrived there not long after its publication in
1877. It is also possible that De Vries got lost in the voluminous and difficult
book. In that case De Vries should have discussed his difficulties with Korteweg,
but there is no trace of this to be found, either in the dissertation, or in the cor-
respondence and the De Vries archives. However, not only De Vries appears to
have been remiss in not paying attention to Boussinesq’s work: it is equally
strange that Korteweg appears not to have been informed about the award-win-
ning treatise through other channels.
73
Fig. 4 – Joseph Valentin Boussinesq (1842-1929)
In any case, under pressure, De Vries has, consciously or unconsciously, ignored
something of significance. Notwithstanding Korteweg’s considerable attention to
bibliographically responsible research, which is amply evident from the letter
quoted earlier, in which he explicitly asks for additional literature study, and in
spite of De Vries’ carefully prepared summaries, it appears that no study of Bous-
sinesq’s works of 1872 and 1877 has followed De Vries’ exclamation mark. In the
case of Rayleigh, it was already peculiar that in 1876 he had not yet investigated
the 1872 literature, but then Boussinesq’s major work of 1877 and Saint-Venant’s
citations of 1885 had not been published. However, by 1894, De Vries’ omission,
in my opinion, qualifies as gross negligence, even though at that time he and
Korteweg may have already been following a different line of theoretical inquiry.
It is equally strange that Boussinesq, who died only in 1929, never made any
complaints to Korteweg or to the Editor of Philosophical Magazine. Saint-Venant did
not live long enough to experience this ‘comedy of errors’. In 1885 he was already
88 years old and he died the following year. Earlier, he had played a significant
role in Boussinesq’s life and had helped him with his appointment to his first
professorial position in Lille, the place where Louis Pasteur (1822-1895) had also
begun his career. Boussinesq had looked forward to collaborating with the ener-
getic old man when he moved to the Sorbonne in 1886, but unfortunately that was
not to be. Later, especially after becoming Dean of the Department of Natural
Sciences of the Académie des Sciences, Boussinesq certainly must have had an inter-
national network. It would be worth investigating whether there was direct or
indirect contact between Boussinesq and Korteweg.46 Korteweg has, for instance,
exchanged some correspondence with Paul Emile Appell (1855-1930), who must
have known Boussinesq well.
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To explain the neglect by Rayleigh of the 1872 Boussinesq paper and his lack of
response to the Korteweg-De Vries paper of 1896, we should take into account
that, at that time, in large countries the national scientific cultures were domi-
nant. Rayleigh read in particular the works by British scientists and the editors of
Philosophical Magazine did not know the international literature sufficiently well
either. Boussinesq, on the other hand, read mostly works by French authors. Oc-
casionally they looked across their national borders, but in those cases they
turned chiefly to Germany. There the first two volumes of the Poggendorff biblio-
graphy, the ‘Biographisch-Literarisches Handwörterbuch zur Geschichte der Exakten Wis-
senschaften’ (Biograpical Literary Hand Dictionary for the History of the Exact
Sciences) 47 that were, above all, of an historical nature, had already been pub-
lished. The Catalogue of Scientific Papers of the Royal Society also already ex-
isted, but evidently not every professional investigator consulted it.
Korteweg and De Vries, living in a relatively small country, were clearly more
internationally oriented than Rayleigh and Boussinesq, and Korteweg was also a
good bibliographer. Yet, under the pressure of time they failed to be as meticu-
lous as they should have been. De Vries stopped studying Boussinesq after having
flagged Boussinesq’s work with an exclamation mark in his notes to indicate its
significance. It is conceivable that he did not inform Korteweg about the existence
of this extensive treatise, especially if Korteweg had already decided that all the
rewriting had been more than enough. Apparently even Korteweg, in spite of his
insistence by the end of 1893 on much more study of the literature, made a mis-
take because of being too busy. The positive side of the affair, though, is that the
pressure by Korteweg, as well as De Vries’ own circumstances caused him to
surpass his own expectations. Of course, in the final analysis we should be happy
with the doctoral dissertation by De Vries and the Korteweg-De Vries paper, espe-
cially since it is certainly conceivable that De Vries would not have obtained his
doctorate at all if he had studied Boussinesq’s publications more deeply.
Notes
1. I thank Dr Behnam Farid for his translation of an earlier version of this chapter,
published in Dutch in Nieuw Archief voor Wiskunde 5/7 (September 2006), pp. 179-185;
the translation was published on 27 October 2007, on the website of arXiv, section
History and Philosophy of Physics, Cornell University: arXiv:0710.5227. I also thank
him for his insightful comments concerning the Korteweg-De Vries equation, the
Boussinesq equations, and De Vries’ reference to Boussenesq’s Essai in the footnote on
page 37 of De Vries’ excerpt, shown in Fig. 3. Thanks are also due to Dr. Sengers-
Levelt for commenting on an earlier draft of this paper based on a lecture I delivered
in September 2003 at the symposium dedicated to Korteweg and De Vries at the
University of Amsterdam.
2. See e.g., the entry on the Korteweg-de Vries Equation in Wikipedia.
75
3. De Jager (2004); De Jager (2006) For further relevant bibliography see the references
in these publications.
4. Joseph Valentin Boussinesq was born near Béziers in 1842. After being awarded the
Poncelet prize in 1872, he became a professor of mathematics at the University of
Lille. In 1886, he moved to the Faculty of Science at the University of Paris. He was a
member of the Académie des Sciences. Boussinesq was a modest man, but a prolific
author. He died aged 86 in 1929. There is a biography of Boussinesq in the MacTutor
history of mathematics archive: Joseph Valentin Boussinesq.
5. Pego (1997). The relevant publications by Boussinesq are: Boussinesq (1871),
equations 5a and 7a; Boussinesq (1872), equations 29 and 34; Boussinesq (1877),
equations 283 and 291. In this 1877 book the Korteweg-De Vries equation itself
appears for the first time in a footnote on page 360.
6. Kox (2000); Maas (2005).
7. The key publications are De Vries (1894); Gustav de Vries’ dissertation; and Korteweg
& De Vries (1895).
8. After Korteweg’s death, his pupil Gerrit Mannoury arranged Korteweg’s correspon-
dence in alphabetical order of the correspondents’ names. He did so in the Korteweg
house – built by Pierre Cuypers and featuring a two-floor conservatory – on the corner
of Vondelstraat opposite the Heilige Hartkerk (the Church of the Holy Heart), where he
was taught for a long time by Korteweg in preparation for his university education.
Unfortunately, the archivist at the Amsterdam University Library has rearranged the
entire archive, this time ordered chronologically, so that I had to spend many hours
searching for the Korteweg-De Vries correspondence. The archive also contains ‘the
Mountain of Brouwer’, the many letters exchanged between Korteweg and L.E.J.
Brouwer around 1906 (fortunately Korteweg preserved his own drafts), which Dirk van
Dalen has used in his books about Brouwer. Also, Dr. Sengers-Levelt has searched
through the Korteweg Archive for her book on thermodynamics in the Netherlands
around 1900 (Sengers-Levelt (2002)).
9. Communicated to me in writing by Eduard de Jager.
10. De Jager, op.cit. (2006), 1
11. This year I am hoping to finalize a book about the Korteweg family in which Died
Korteweg, his parents, brothers and their nuclear families are discussed in detail. In
this book, I shift my emphasis from their instilling ‘competitiveness’ in the children to
more general educational factors in the family. Their strict education at home may
especially explain many apparently strange events. Around 1900, there was an
educational climate among the Dutch bourgeoisie that was comparable to that
defended by the Chinese-American Yale Professor Amy Chua in her book The Battle
Hymn of the Tiger Mother (2011), New York: Penguin Press.
12. No academically rigorous book on the history of Freemasonry exists in the
Netherlands, although recently a Chair at the University of Leiden has been
established to deal with this history. It is well known, for example, that Multatuli as
well as the poet and novelist Jacob van Lennep (1802-1868) were members. The
Masonic lodges, under the patronage of Prince Frederik, were only open to men and
were meeting places particularly for members of the higher social classes.
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13. Johan Korteweg was my great-grandfather. I received a great deal of Korteweg-
material through my grandmother, Ms W.M. van Steeden-Korteweg, and her only son,
my uncle Jaap van Steeden. Johan’s eldest son Adri was a medical doctor who was an
internist at the Alkmaar hospital. The Died’s fourth brother, the malaria specialist
Piet, had a son named Remmert, who later became a pioneer in cancer research. The
fifth Korteweg brother, Willem, died while studying philosophy at the University of
Leiden. In addition to the brothers, there was a much younger sister, Ms Rand-
Korteweg, of whom little is known.
14. Brouwers (1993).
15. Mentioned in autobiographical notes by my grandmother.
16. Gedenkboek (1932): entry about his brother Johan Korteweg.
17. Johan did not have a gymnasium diploma either; he too had received private
education.
18. Onze Hoogleraren (1898), p. 256 (brother Johan follows on page 267).
19. Brother Johan was appointed in 1887.
20. Sengers-Levelt (2002).
21. Maas (2005).
22. Schneiders (1982).
23. Een Friesch geslacht (1936). The research into De Vries’ background was a much more
time-consuming task than the search into Korteweg’s. There were more mathema-
ticians named De Vries, but of course they were not all related to Gustav. Soon it
became evident that Gustav de Vries was not related to Korteweg’s junior colleague
Hendrik de Vries. The ‘golden’ hint about this came from De Vries himself. In his
doctoral dissertation he was required to put down his place of birth: Amsterdam.
When searching the ten-year indexes of the Amsterdam Municipal Registry, his
birthplace and his unusual first name led to his parents and his date of birth: 1866. At
the Central Bureau of Genealogy in The Hague, a number of other relatives were
found through the register of persons. After a few weeks of investigations, two elderly
women from the Veluwe area in the Province of Gelderland turned out to know a great
deal about Gustav de Vries. They were Mrs De Vries-Helmert from Ermelo, who had
been married to David de Vries and was 87 years old in 1999, and Ms Rie Bosman
from Harderwijk, 73 years old in 1999 and the partner of the late Rubertus Jan de Vries
(Ruurd). These women explained that the family had counted amongst its members
both right-wing individuals with anti-Semitic leanings (Gustav appears to have been
one of them) and left-wing members of the resistance who were fighting the German
occupation of the Netherlands during World War Two.
24. The Jan de Vries line of the family died out, when his grandson Jan, who was born in
1920 to his son Dr. Jan de Vries – a mathematics teacher at the Amersfoorts
Gymnasium – was executed on 2 March 1945 in retaliation for an assassination of four
German military men by the occupying German army at Varsseveld in the Province of
Gelderland, together with 49 other resistance fighters. (Source: Nederlands Instituut voor
Oorlogsdocumentatie, The Netherlands Institute for War Documentation).
25. At a meeting with the grandsons of Gustav de Vries, in a house on a small canal in
Leiden, I sensed some degree of distrust. Here was a relative of Korteweg who,
according to De Vries family lore, had run away with their grandfather’s ideas! I had
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just put behind me a prolonged, self-imposed ‘mission impossible’ after completing
my book, to check once and for all if I had not done an injustice to De Vries, so I felt
very uncomfortable. Fortunately, some gaps were filled in a little later by Gustav’s
brother August. It transpired that August – who had bought an additional name and
was later called August Laman de Vries – was an uncle of my grandfather Willink
through the Roelvink family. In this way, at least one traceable genealogical
connection between Korteweg and De Vries turned out to exist, and I was able to point
out that my family loyalty was not in question.
26. Municipal Archive of Haarlem (Gemeente Archief Haarlem), since merged with the
Provincial Archive of North Holland (Noordhollands Archief); Archives of Predecessors of
the Spaarne Schools in Haarlem (Archieven Rechtsvoorgangers Spaarne Scholengemeenschap te
Haarlem); Archives of the HBS-B, 1864-1958, inv. nrs. 35 and 36; Annual Reports 1889-
1906 and 1907-1920.
27. This letter was part of the documents held by De Vries’ grandsons.
28. The word amice is a form of the Latin amicus (friend).
29. The letter originates from the Korteweg Archive at the Library of the University of
Amsterdam. Lourens van den Brom, with whom I became acquainted through his
archival research pertaining to Korteweg’s academic career, has examined the
arguments put forward by Kluyver and has shown them to be plausible.
30. Professor Anne Troelstra has reviewed these papers and has also found that they did
not go deeply into research done by others. According to him, they have nothing to do
with fundamental research: ‘Perhaps someone with analytical expertise can find
something more in these. My impression is that Korteweg has encouraged De Vries to
build on the works of others in his doctoral research, but that De Vries has
subsequently been working in too isolated an environment’. [Translated from Dutch,
B.W.].
31. It looks as though he had become a freemason earlier. As early as 1908 he used the
word ‘brother’ in a letter, but I have not been able to find out why he did so. The data
concerning his freemasonry originate from the Cultural Masonic Centre (Cultureel
Maconniek Centrum) Prins Frederik in The Hague.
32. This document is also with the brothers De Vries in Leiden.
33. Source: Mrs de Vries-Helmert.
34. Troelstra is right in suggesting that an expert on mathematical analysis should be
consulted to review the publications on De Vries’ ‘calculus rationis’. In addition, it is
certainly worthwhile to make a detailed comparison between De Vries’ doctoral
dissertation and the Korteweg-De Vries paper.
35. Specialists would nowadays perhaps speak of Asperger’s syndrome.
36. Willink, (1998) p. 247. For a summary of my findings regarding the educational
causes of the second Dutch golden age in science, see also: Willink (1991). In my book
and in this chapter the important general social context of the educational reform,
which is the topic of my dissertation Willink (1988), is discussed only marginally. For
readers of books and articles in Dutch: it is also the central topic of the debate
between Maas and myself in Tijdschrift voor geschiedenis: Maas (2001) and Willink (2001).
37. According to the submission letter, this very point is central to the final version of the
Korteweg-De Vries paper.
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38. Willink (1998), p. 247. The letter has been preserved in the Korteweg Archive at the
University of Amsterdam (see footnote 8). I have not been able to find Korteweg’s own
outline to which he refers, either in the Korteweg Archive or in the De Vries Archive in
Leiden that are maintained by De Vries’ grandsons.
39. Diederik Korteweg and Bientje d’Aulnis are buried with him in Zorgvlied, a cemetery
in Amsterdam.
40. In the Korteweg Archive at the library of the University of Amsterdam.
41. See his summaries in the De Vries Archive maintained by his grandsons in Leiden.
42. From the way Rayleigh refers to Boussinesq as Mr, it appears that he either did not
know that Boussinesq was already a professor at a university or that he did not find
this worth noting.
43. The symbol ‘F’ in the footnote, followed by ‘Essai…’ refers to the expression on line 12
from the top. The translator of the second version of this paper, Dr Behnam Farid,
suggested that the expression concerns the total derivative of v ≡ v (x, t), where x ≡ x
(t), with respect to t; De Vries uses the symbols dv/dt and dv/dx, rather than ∂v/∂t and
∂v/∂x, respectively, for partial derivatives. The passage on which page 37 of De Vries’
summary (shown in Fig. 3) has bearing, is taken directly from Saint-Venant’s paper, p.
1105. De Vries’ exclamation mark in the footnote seems to indicate that he may have
considered the derivation significant.
44. De Jager (2006), p 21.
45. Grattan-Guinness (2000), p 601.
46. I have not been able to find anything about this in the Korteweg Archive; however, as
in the case of Brouwer, a great deal has yet to be found.
47. Johann Christian Poggendorf (1796-1877).
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4 A note on Einstein’s Scratch
Notebook of 1910-1913
Diana K. Buchwald, Jürgen Renn and Robert Schlögl
Starting at a young age and continuing into the last decade of his life, Einstein
often worked simultaneously on myriad topics. Over the past years, systematic
examination of his previously unpublished manuscripts has yielded deep insights
into his work. Yet, portions of text in Einstein’s Scratch Notebook, published in 1993
in facsimile in Volume 3 of The Collected Papers of Albert Einstein, have remained un-
explained.1 Here, we show that the notebook provides information on his hitherto
unremarked upon interest in oscillating chemical reactions. It also contains a
glimpse into the much-disputed fate of his daughter Lieserl.
Albert Einstein graduated in 1900, at age 21, from the polytechnic in Zurich.
Unable to find academic employment, he worked as substitute teacher and private
tutor and, in 1902, became a technical expert at the Swiss Federal Office for In-
tellectual Property in Bern. He spent seven productive years in this ‘secular clois-
ter,’ publishing more than sixty scientific papers before becoming an Extraordin-
ary Professor of Physics at the University of Zurich in late 1909.2 By then, Einstein
was married to his university classmate Mileva Marić, with whom he had fath-
ered, first, an illegitimate daughter, and, in 1904, his first son Hans-Albert.
During the first half of his life, Einstein was not a careful preserver of his
manuscripts and correspondence. Thus, for example, there are no known manu-
scripts or drafts of his most important papers of 1905 on the determination of
molecular dimensions, Brownian motion, the special theory of relativity, or the
photoelectric effect. Neither do we know of manuscripts for his other numerous
papers published before 1909, including his important expansion of the quantum
theory to the solid state, or his work on capillarity, molecular forces, and thermo-
dynamics.
The Einstein Archives preserve a very few notebooks, address books and diaries
that Einstein kept during his lifetime, among them the small, bound Scratch Note-
book, most likely purchased in the fall of 1909, that is thought to have served as an
intermittent aide-mémoire from 1909 to 1914. It appears that the time frame for
its use can be narrowed to the span between the Spring of 1910 and early 1913.
While not every entry on the 33 pages of the Notebook can be dated or interpreted
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with certainty, we can now provide a more precise chronology and explanation for
several developments in its first pages.
On the first right-hand page of the Notebook there appear two enigmatic entries.
In the middle of the page appears the name ‘A. Ellermann, Institutsmechaniker,’
followed by an address. We know that, in the first week of March 1910, the che-
mist Walther Nernst and the physicist Heinrich Rubens, both interested in Ein-
stein’s work on the emerging quantum theory, travelled from Berlin and visited
him in Zurich. Having just completed an article to be published in the new Journal
de Chimie Physique, Nernst had visited with its founder Philippe-Auguste Guye in
Geneva.3 Only a few weeks earlier, Nernst had presented the first experimental
results on the behaviour of specific heats at low temperatures to the Prussian
Academy of Sciences, together with a demonstration of his new platinum and
copper calorimeters.4 This work was the first empirical confirmation of Einstein’s
theoretical predictions, published in 1907, for this temperature domain. Nernst
recorded his strong impressions of his meeting Einstein, writing to Arthur Schus-
ter about the ‘original young thinker’ whose work was of ‘great boldness.’5 Dur-
ing their conversations, Einstein or Rubens likely mentioned the name of Albert
Ellermann, the mechanic of the Physics Institute at the University of Berlin,
known for designing important electrotechnical equipment.6 It seems that Ein-
stein intended to visit or write to Ellermann in regard to his own teaching and
research, since other notes nearby testify to his interest in electrochemistry and
electromechanics at the time.
Just below Ellermann’s address, there is a mention of a young girl, to which we
shall return.
The immediately following entries on the same page read, in German: ‘taxes
community.’ These most likely refer to September 1910. We know that in late
Summer 1910 Einstein began negotiations for an appointment to the chair of
physics at the German University in Prague. To this end, he travelled in Septem-
ber to Vienna, where the offices of the Ministry of Education of the Austro-Hun-
garian Empire were located. There, he was confronted with the requirement im-
posed on all civil servants that he officially declare and enter his religious
affiliation when filling out the forms for his professorial appointment. Affiliation
with a religious community was required and may explain why Einstein noted that
he would have to pay taxes to the Kultusgemeinde (the Jewish community).
Two notes on the next pages refer to ponderomotive forces and magnetism, a
subject on which Einstein delivered public lectures that same fall in Basel, and
that he discussed with Nernst and Rubens in Spring 1910. We also found notes in
Nernst’s own handwriting (on p. 6), recapitulating formulae contained in a paper
he had published in the Spring of 1910.
Later notes refer to Einstein’s teaching activities, including laboratory work, in
the Summer and Winter semesters of 1910. His own research at the time also
figures prominently, including capillarity, the foundations of statistical me-
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chanics, critical opalescence, the elastic behaviour of matter, radiation theory,
and relativity.
Fig. 1 – In his notebook (pp. 23-24) Einstein describes an experiment dealing with periodic
processes in heterogeneous reactions. The correct explanation is still being debated today.
More surprising is Einstein’s interest in oscillating chemical reactions, their pos-
sible explanations, and their relation to life. The notes on p. 23 deal with periodic
processes in heterogeneous reactions. After mentioning the dissolution of iron in
nitric acid at various concentrations, Einstein is fascinated with the pulsations of
mercury under certain conditions. This phenomenon had been known since 1825,
and in the years around 1910 a novel, non-chemical explanation was put forward
under the designation electrocapillary action.7 In short, the phenomenon de-
scribes the pulsating action of a mercury droplet immersed in a mixed solution
of oxidizing chemical potential (H2O2, nitric acid, permanganate, perchlorate) in
point contact with a non-noble metal (such as iron) that dissolves in the oxidizing
solution but does not form an amalgam with the mercury (such as zinc would).
The correct explanation is still enigmatic today, as multiple electrochemical pro-
cesses occur simultaneously and the relevant detailed kinetics strongly depend on
the experimental details.
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Einstein carefully, and correctly, noted two observed effects. First, that tem-
perature variations occur that are not connected to putative pressure changes, but
rather to the oxidation of the initiating dissolution of the non-noble metal. Sec-
ond, he also correctly noted that trace impurities in the system lead to catalytic
decomposition of H2O2 as an unwanted side reaction. Einstein additionally specu-
lated that the drop’s pulsations could be due to fluctuations in pressure that
might be generated as the oxidant H2O2 decomposed.
Einstein explicitly recognized the analogy of the inorganic, heterogeneous sys-
tem with its pulsating droplet to the process of muscular contraction in living
systems. He argued, in particular, that the mercury droplet constituted a ‘ma-
chine’ that converts chemical energy (of H2O2 ) into mechanical energy, in full
analogy to muscles converting the chemical energy of sugars into mechanical en-
ergy.
He was apparently led to this conclusion on learning that H2O2 is also decom-
posed in living systems by the enzyme ‘catalase,’ which he mentions. He noted
further that other inorganic catalysts can perform the same reaction and that cat-
alytic poisons can inhibit this ability. His final remark concerns additives such as
alkali ions that can first accelerate and then inhibit both the catalytic action of
inorganic compounds and their respective poisons.
The fragmentary notes represent a tour d’horizon through periodic processes in
heterogeneous systems with coverage as complete as it could have been at the
time. Einstein clearly noted that the richly detailed processes involved were at
best partially understood, indicating that both physical and chemical factors had
to be invoked in reaching a proper explanation.
This first half of the notebook concludes with entries related to Berlin and
Vienna. Einstein wrote down the address of the Berlin physical chemist Fritz Wei-
gert, who was at the time working on the chemical effects of light, a theme on
which Einstein himself published in January 1912.8 Together with the entry on
Ellermann, who died suddenly on 1 September 1910,9 this raises the puzzling
question of whether Einstein might have visited Berlin for the first time in his life
as early as mid-1910. We know that he went to Berlin in 1912, yet some of the
addresses jotted down in this first part of the notebook hint at an earlier trip.
Such an early visit might be of significance in our understanding of his subse-
quent career and his scientific contacts. Notes on his visit to Vienna in September
1910 appear on the same double page, including the address of the physicist-
philosopher Ernst Mach, whom we know Einstein visited on this occasion.
In subsequent months, Einstein continued to travel, giving talks, visiting fellow
scientists, and doing research while travelling. Traces of these activities are docu-
mented in the notebook. Thus, Einstein’s first notes on general relativity occur in
this second part of the notebook. They recapitulate the content of his first papers
on the static gravitational field, which he had just submitted for publication, most
likely intending to discuss them with colleagues in Berlin in April 1912. It is likely
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that these discussions resulted in a note added in proof to the second of these
papers, which appeared in May 1912.10 The note is important because it provides
the first concrete hint at the role of a variable four-dimensional line element as
representing the gravitational potential. This probably constitutes the most con-
sequential of Einstein’s triumphs documented in the notebook, which also
contains his first calculations on gravitational lensing, made during the same
trip to Berlin in the context of discussions with the astronomer Erwin Finlay-
Freundlich,11 The fact that these insights emerged from discussions with collea-
gues confirms that Einstein’s enormous scientific productivity in this period was
also rooted in the intellectual network to which he then belonged.
We return now to the first double page and the puzzling entry mentioned
above. It comprises two lines, separated by a dash. When read together, the two
lines reveal a surprising commentary on Einstein’s personal life:
J. Mäd. [Ölgm?] gekr. H.
meines tot.
When expanded and translated, the note could be rendered as follows:
Young girl. [Oil painting?] c[urly] h[air]; mine [is] dead.
Even if we focus just on the part that is unambiguously readable, the note sug-
gests that Einstein refers to ‘his girl’ being dead.12
He may have been thinking of his own daughter Lieserl, born in 1902, and
probably given up for adoption in the same year. Her fate is unknown; specula-
tions have ranged from death shortly after birth due to scarlet fever to her having
survived the Second World War. Yet, this note suggests that she died no later than
1912, and most likely around age two, as the CPAE editors had concluded almost
two decades ago.13
During his travels between Spring 1910 and Spring 1912, Einstein was probably
led to recall his own lost daughter when viewing an oil painting of a girl with
curly hair or a crowned head. Some European museum galleries hosted paintings
of girls to which his description may roughly fit. Among them are Velasquez’s
portraits of the Infanta Margarita Teresa located at the Kunsthistorisches Mu-
seum in Vienna. But a more likely candidate is the remarkable portrait by Titian
of Clarissa Strozzi, a milestone in the artistic depiction of children.14 The latter
painting was on display in Berlin’s then still young Bode Gallery, not far from the
scientific sites that Einstein visited either on his trip to Berlin in early 1912, or
perhaps an earlier trip that he might have undertaken in 1910. The gallery was
within walking distance of the Physics Institute where the mechanic Ellermann
worked; it was also very close to Nernst’s Second Chemical Institute, and within
steps of the building where Berlin’s Physical Society met.
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Fig. 2 – Portrait of Clarissa Strozzi, painting by Titian, 1542.
Source: Gemäldegalerie Berlin
The period 1910-1912 in Einstein’s work is best known for his preoccupation with
either quantum theory or with relativity theory. But the notes show him engaged
in experiment, as he had been in earlier years, and continuing his interest in
physical chemistry. In a different vein, they perhaps reveal a glimpse into the
disputed fate of his first child, his daughter Lieserl. In their brevity and starkness,
the jottings suggest a moment of intense sorrow over the loss of his first child,
who was born a decade earlier. Also, in contrast to the still widely held image of
Einstein as an isolated thinker, the notebook illuminates his creative engagement
with a wide-ranging network of fellow scientists.
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Notes
1. See CPAE, Vol. 3, Appendix A, ‘Einstein’s scratch notebook’, 1910–1914?, pp. 563-597.
All references to events and dates are documented in the Collected papers of Albert Einstein
(CPAE), Volumes 2-5. The notebook is available online at http://alberteinstein.info/
vufind1/Digital/EAR000034432#page/1/mode/2up.
2. For a complete list of his writings until 1920, both published and unpublished, see
CPAE,Vol. 11.
3. Nernst (1910), pp. 288-67.
4. Nernst, Koref & Lindemann (1910), pp. 247-61, presented to the Prussian Academy of
Sciences on 17 February 1910.
5. See Kormos Barkan (1999), p. 182, and Einstein to Jakob Laub, 16 March 1920, CPAE,
Vol. 5.
6. Ellermann built and sold various electrical instruments to scientists; for example,
electric contact breakers and carbon rheostats. His instruments were purchased by
foreign academic laboratories as well, such as a quadrant electrometer for the physics
department at the University of Lund in 1905 (see Lunds universitet, Lunds universitets
årsberättelse (1908), p. 51).
7. For an historical survey, see Möllencamp, Flintjer & Jansen (1994), doi: 10.1002/
ckon.19940010303.
8. Thermodynamic proof of the law of photochemical equivalence. Annalen der Physik 37
(1912), pp. 832-838. See CPAE, Vol. 4, Doc. 2, pp. 114-121, and the editorial note
‘Einstein on the law of photochemical equivalence’, pp. 109-113.
9. Zeitschrift der Deutschen Gesellschaft für Mechanik und Optik, 15 September 1910. Springer,
p. 180.
10. ‘On the theory of the static gravitational field’ and ‘Note added in proof’. Annalen der
Physik 38 (1912), pp. 443-458, CPAE, Vol. 4, Doc. 4, pp. 146-164. For historical
discussion, see Renn (2007) and Blum et al. (2012).
11. See Renn, Sauer & Stachel (1997); Renn & Sauer (2003); Sauer (2008).
12. The abbreviation ‘gekr. H.’ can plausibly be expanded as ‘gekräuseltes’ or ‘gekraustes’
‘Haar’ (‘curled, curly, hair’) or as ‘gekröntes Haupt’ (‘crowned head’). The part that is
most difficult to read may stand for some abbreviation of ‘Ölgemälde’ (‘oil painting’).
13. See CPAE, Vols. 2 and 5; Renn & Schulmann (1992).
14. For an analysis of its significance, see Freedman (1989).
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5 The reception of relativity in the
Netherlands
Jip van Besouw and Jeroen van Dongen
Albert Einstein published his definitive version of the general theory of relativity
in 1915, in the middle of the First World War. The war greatly impeded the inter-
national dispersion of his work, as relations and communications between scien-
tists in Allied and Central Power countries had largely broken down. Neverthe-
less, Einstein and his theory rose to fame shortly afterwards, when, in November
of 1919, British astronomers claimed to have observationally verified the gravita-
tional bending of light. Relativity still encountered difficulties in gaining accep-
tance in many quarters, however. In Germany, populist and academic ‘anti-relati-
vist’ circles protested Einstein’s work. They were triggered by his pacifism, and
the fact that he was a democrat and a Jew. Einstein further embodied a new kind
of highly mathematized physics that seemed to marginalize the nineteenth cen-
tury universalist experiment-cum-theory gentleman physicist.1 In France, too, po-
litical and professional resentments coloured the reception of both relativity and
Einstein.2
In the Netherlands, the country that we focus on in this chapter, interest in
Einstein’s relativity picked up considerably at the end of 1912. In Germany, rela-
tivity was already more or less the leading interpretation of electrodynamics
among theorists in 1911, but in the Netherlands H.A. Lorentz’ version still domi-
nated. There were also strong local rival theories in Britain and France, and broad
professional support for Einstein’s theory began considerably later there,3 while
at the same time, interest in the theory was accompanied by strong public re-
sponses.4 As we will discuss here, responses were much more moderate in Hol-
land. Even Dutch anti-relativists (only two have been identified as such in the
literature so far: engineer M.W. Polak and well-known philosopher Gerard Hey-
mans) struck a different tone, as A.J. Kox has pointed out: ‘they remained polite
and were careful to avoid any impression of mounting a personal attack against
Einstein and his fellow relativists.’5
One of the issues that we wish to address in this chapter is how the Dutch
reception history of relativity compares to that in other countries: how does the
Dutch case resemble or depart from the familiar stories of the larger European
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nations? Part of the unique nature of the Dutch reception is, of course, due to
Leiden’s physicists, who played an important role in the genesis of both the spe-
cial and the general theory of relativity. In this chapter, however, we wish to look
at the way in which broader audiences than academic physics professionals
viewed Einstein and his theory. Can we identify the factors that shaped the broad-
er Dutch reception of relativity? How particular to the Dutch case were they? Hol-
land had remained neutral during the First World War, and anti-German senti-
ments were considerably less strong than elsewhere. Did the dynamics of the
World War and its aftermath still play a role in shaping public views on relativity?
Of course, the Dutch physics elite was personally close to Einstein. To see how
that could influence public perceptions of Einstein, we should first address how
they themselves were viewed by the public. What relevant values were shared be-
tween university professors and other sectors of society? What was the status of
science? In this essay we will take up these issues to see if they can shed light on
the Dutch reception case. Vice versa, we hope that a closer look at the reception of
relativity can also teach us things about the public status of science in the inter-
war years.
The context for this chapter is provided by three studies that focus on the re-
ception of relativity in the Netherlands. The first, by A.J. Kox,6 primarily discusses
the reception of general relativity among Leiden’s physicists, and contains a brief
discussion of opposition to relativity. The second, a book and PhD dissertation by
Henk Klomp, De relativiteitstheorie in Nederland, goes into more detail regarding the
broader reception of the theory. Klomp relates how relativity influenced debates
on the certainty of knowledge and the democratic ordering of society. He particu-
larly hones in on how the theory played a role in discussions on secondary educa-
tion between foremost historian of science E.J. Dijksterhuis on the one hand, and
educational reformers Philipp Kohnstamm and Tatiana Ehrenfest-Afanassjewa on
the other.7 We will return to Klomp’s account later. The third article is by one of
us,8 and touches on, among other issues, the Dutch reception of Einstein and
relativity in comparison with German events, with a focus on Einstein’s Leiden
chair and the immediate period after Eddington’s announcement. The current
chapter can be seen as a short elaboration of this account.
Einstein’s chair and Dutch internationalism
Let us first begin by addressing, very briefly, the reception of relativity and Ein-
stein in academic circles. Einstein, of course, had already become friendly with
Lorentz in 1911 when he visited Leiden, and had been exchanging letters with
him since 1909. Yet, perhaps surprisingly, their correspondence did not discuss
relativity in any substantial way before 1912.9 Lorentz was a towering presence in
the Dutch scientific community and this showed, not only in his position as
Chairman of the Sciences Section of the Royal Netherlands Academy of Arts and
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Sciences in Amsterdam since 1910, but also in the status of his electromagnetic
theory. Lorentz understood at an early stage what the differences were between
his own work and Einstein’s theory, and participated in the co-production of what
came to be understood as ‘relativity theory’ while it took shape in the German
literature. Nonetheless, he continued to prefer his own version of electro-
dynamics.10 Local scholarship tended to follow him in this preference, as is
shown, for example, in the comparison of Lorentz’ theory with Einstein’s by J.D.
van der Waals jr. in 190911, and Lorentz initially remained the primary Dutch
authority on relativity.12
The notion that Einstein’s theory could epistemologically be preferred seems to
have come to the Netherlands with the arrival of Paul Ehrenfest. Ehrenfest had
been involved in subtle German debates about relativistic rigid bodies, and was
acutely aware of the theory’s interpretative benefits and complexities, as is exhib-
ited in his impressive inaugural lecture in Leiden, held in December of 1912.13
Lorentz and Ehrenfest began corresponding with Einstein on proto versions of
general relativity,14 and in the period between 1915 and 1920, Leiden grew into a
– if not the – early hub for relativity research. A steady stream of publications on
the subject by W. de Sitter, J. Droste, A.D. Fokker, J.A. Schouten, H.A. Kramers,
G. Nordström and others came from Holland.15
In 1920, Einstein held an inaugural lecture in Leiden after he had been ap-
pointed ‘Special Professor’ there. His friendships with Lorentz and Ehrenfest
were of key importance in eventually accepting a tie with Leiden (he had actually
turned down full professorships in Leiden twice before16), and, likely in deference
to Lorentz, Einstein reinstated the spacetime metric as a kind of ‘Lorentzian
ether’ in his lecture.17 Einstein’s appointment had been held up considerably, as
the Dutch authorities had mistaken him for the art critic and communist Carl
Einstein: the delay is to be explained by political fears for communist revolution-
aries.18 Einstein was, of course, proposed as a special professor first and foremost
for his physics. Consideration of Einstein’s political and personal views and those
of his Leiden hosts may however assist us in understanding the broader Dutch
reception history.
The two Leiden professors who were most directly involved in securing Ein-
stein’s appointment, Lorentz and Professor of International Law Cornelis van Vol-
lenhoven, were also leading figures in the Dutch Academy. They were particularly
responsible for its efforts to arrive at a reconciliation between the scientific com-
munities of the formerly warring nations. Upon joining the newly created Inter-
national Research Council in 1919, the Dutch Academy began to lobby for the
admittance of sister academies from former Central Power countries that had
been barred from membership. For Lorentz, this was a continuation of the recon-
ciliation efforts he had undertaken during the war. Van Vollenhoven had seen a
particular role for the Dutch in establishing international peace as early as 1910
and had expressed this in an influential article in De Gids, the country’s leading
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cultural journal.19 Both believed that the Netherlands could do its duty and further
its own position by acting as a peace broker. They acted on this belief in their
stewardship of the Dutch Academy’s attempts at diplomacy.20
Einstein’s pacifism and his ideal of a supranational scientific community thus
resonated with these Leiden professors in their self-chosen role of peace bro-
kers.21 Indeed, just after accepting his special professorship, Einstein participated
in an event organized through the Paris based Institut du Froid at Kamerlingh
Onnes’ laboratory in which Frenchmen Pierre Weiss and Paul Langevin also parti-
cipated.22 As Ehrenfest expressed it, Einstein’s role as special professor in Leiden
‘will contribute enormously to the reestablishment of many disrupted scientific
relations in an undemonstrative, yet therefore all the more powerful way.’23
Fig. 1 – Albert Einstein, Paul Ehrenfest, Paul Langevin, Heike Kamerlingh Onnes and Pierre
Weiss discussing problems in condensed matter physics in Onnes’ home in Leiden in
October of 1920
Dutch neutrality had a long history. It had been inspired by the vulnerable posi-
tion of the Netherlands between the great European powers, and by a fear for its
colonial interests.24 In the late nineteenth century, Dutch intellectuals had grown
afraid of domination by a recently unified Germany: a mediating role between the
larger cultures of Europe could ensure Dutch independence and international re-
levance.25 Already before the war, publicists and politicians had singled out en-
deavours for establishing peace and international law as a particularly Dutch mor-
al obligation. The 1899 and 1907 peace conferences in The Hague had been
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instrumental for this development. Van Vollenhoven, who had been enlisted by
the government to participate in organizing a third conference that was supposed
to take place in 1915, had played up nationalist sentiments by emphasizing the
Dutch heritage in international law that dates back to Hugo Grotius; here, surely,
was a task for which the Dutch should unite and a way for the nation to find new
prominence.26 Although the role of neutral countries as moral arbitrators be-
tween belligerents had become internationally compromised during the war, pub-
lic opinion in the Netherlands still favoured policies of neutrality and internation-
alism.27 Appointing Einstein would thus assist Lorentz and van Vollenhoven in
placing Holland before the eyes of the international academic community as an
indispensable peace broker, and Dutch scientists before the eyes of the Dutch
public as prominently taking part in the realization of national ambitions.
Science on the defensive
So, ideals of neutrality and internationalism were shared between scientists and
the public alike. Scientists were generally held in high regard, and their cultural
status was unchallenged. Professorial appointments were regularly and enthu-
siastically reported in the press, and summaries of academic lectures, including
technical presentations at the Academy, could be found in newspapers like the
Algemeen Handelsblad or the Nieuwe Rotterdamsche Courant. Partly responsible for this
state of affairs was, of course, the international prestige of Dutch researchers:
between 1901 and 1913, no less than five Dutch scientists had won a Nobel
Prize.28
The relations between science and society changed near the end of the war.
The number of students had steadily increased since the turn of the century. This
increase was accelerated by a new law in 1917 that made studies in the sciences
even more accessible: proficiency in classical languages and a gymnasium diploma
were no longer required. As a consequence of the increased enrolment, profes-
sors felt a greater urgency to create new career opportunities for their students.
Thus, they reached out to industry to set up joint projects: eventually, physicist
L.S. Ornstein in Utrecht, for example, would deliver 42 PhDs to companies like
Philips Electronics and the Bataafsche Petroleum Maatschappij, a subsidiary of Royal
Dutch Shell.29
While a solid belief in the social benefits of science had already taken hold
since the late nineteenth century, this had not immediately led to much research
aimed directly at reaping these benefits.30 However, the war had produced
shortages of various kinds – like in the belligerent countries – and this was an-
other incentive for the Dutch to find ways to make science help alleviate them.
This effectively started up large-scale industrial research in Holland. The new em-
phasis was exhibited by the installation in February of 1918 of the ‘Scientific Com-
mittee for Advice and Research in the interest of National Prosperity and De-
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fence.’ It was headed by none other than Lorentz, and intended to fund the re-
search reflected in its name.31 Lorentz, like most of his generation and like a true
theoretical physicist, had of course preferred, at his peak, to practice science pour la
science, even though he also believed that the ultimate justification lies in the social
and technological progress science could bring.32 His committee was disbanded
in 1922, as its results were judged as too poor and its focus as too academic.
Instead, another committee headed by biologist F.A.F.C. Went concluded that
the state needed to institute a central organization that more explicitly and effec-
tively aimed directly at ‘applied science.’33
Added to this shift in the desired role of science should be the complaints of
scholars like Dijksterhuis and Kohnstamm, who observed an increase in anti-
scientific and anti-intellectualist sentiments in Dutch culture in the 1920s.34 De-
spite these pressures, most professors were still convinced that only free research
and education, aiming at ‘academic’ values instead of practical careers, belonged
at the universities. The proper place to do science was up in the ivory tower, from
which Bildung would be handed down to students, and would eventually trickle
down further into society.35 Yet, how were such stances perceived beyond univer-
sity campuses? Could they still be maintained and expect support in a society that
was rapidly moving towards more democracy – universal suffrage for men was
introduced in 1917 – and increasingly demanded applicable knowledge? We will
see in a short survey of Dutch newspapers and other non-academic publications
whether these issues coloured the reception of relativity in any substantial way.
Relativity, after all, seems an obvious example of elitist ivory tower science. The
reception of relativity and Einstein may, in turn, also tell us more about the status
of science in the post-World War One years.
Important for the introduction of relativity to the Dutch public were the many
public lectures held on the subject by Leiden’s leading physicists between 1913
and 1919. These lectures would often find their way into the press and many were
published in full. They usually took place before learned societies like the Ge-
nootschap ter Bevordering van de Natuur-, Genees- en Heelkunde (Society for the Advance-
ment of Science, Medicine, and Surgery) in Amsterdam, or Rotterdam’s Bataafsch
Genootschap der Proefondervinderlijke Wijsbegeerte (Batavian Society for Experimental
Philosophy). Audiences ranged from well-educated professionals to academic
scholars.36 Engineers were a particularly receptive audience and from their ranks
rose several popularisers and critics, such as Polak.37
Why did Lorentz, Ehrenfest and others put so much effort into popularizing
relativity theory? Apart from obvious reasons like the enjoyment it might give
them, or a feeling of responsibility for sharing the most recent scientific insight
with their fellow citizens, there was also a sense of urgency.38 In 1922, Fokker,
who had worked with Einstein in Zurich after having obtained his PhD with Lo-
rentz in 1913, wrote to the editors of De Gids: ‘popularization is an inescapable
task in order to maintain the viability of science, when it is not aimed at applica-
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tions.’39 In his opinion, fundamental physics in particular hung in the balance,
which made it all the more necessary to get the ‘educated layperson […] sym-
pathetically and closely involved’ in its discussions.40 That such efforts were nec-
essary but could have less of a result than was hoped for is exhibited by the report
in the leftist-liberal magazine De Groene Amsterdammer about the sixteenth Neder-
landsch Natuur- en Geneeskundig Congres (Dutch Scientific and Medical Congress) in
1917: the reporter applauded the recent effort to make the sciences more accessi-
ble to students, as this could counteract the highly inopportune shortages of qua-
lified staff in industry. Having been greatly impressed by a lecture on war surgery,
he further stated that medicine in particular constitutes ‘the most beautiful appli-
cation of science’ and that it was ‘more beautiful and useful than theories about
the motion of heavenly bodies or the constitution of the atom.’41 Lorentz and
Ehrenfest had been the star attractions at the congress: Lorentz had lectured on
general relativity, and Ehrenfest had introduced the Bohr atom. Yet, the Groene’s
reporter had apparently not been impressed.
Economic pressures and the process of socio-cultural democratization – we
will return to this issue later when we discuss Klomp’s account – led to a less
than self-evident position for the sciences. Consequently, scientists saw a need to
show themselves as accountable to society. By popularizing the topic in lectures,
theorists tried to justify their interest in the issues addressed by relativity. In turn,
relativity was used, through its popularization, to legitimize the position of funda-
mental physics. Popularizing was done in newspaper articles too, and will consid-
er these now.
Public reception
Public interest in relativity picked up greatly in the Netherlands after the 1919
confirmation of the gravitational bending of light, as it did elsewhere. The num-
ber of newspaper reports on Einstein and relativity quickly grew from a handful to
over a hundred per year. Before 1919, relativity and Einstein were basically re-
ported only on in newspapers and magazines that were read by the academically
educated elite, such as, in the case of newspapers, the Algemeen Handelsblad, the
Nieuwe Rotterdamsche Courant or the Nieuws van den Dag.42 Cultural journals like De
Gids and Onze Eeuw regularly included articles on the sciences. Already before Ed-
dington’s announcement they had contained contributions on relativity by Lo-
rentz and his Leiden colleague J.P. Kuenen.43 After 6 November 1919, the date of
Eddington’s presentation, a broad spectrum of publications began including arti-
cles on relativity and particularly on Albert Einstein himself.44 This may have been
aided by Lorentz’ praise for him in his newspaper article of 19 November, ‘Gravity
and light. A confirmation of Einstein’s theory of gravity.’45
By 1920, Einstein had become a celebrity in Holland, as he had elsewhere: his
lectures, honours, troubles and job offers were eagerly reported, spurred on by
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the anti-relativity furore that had picked up in Germany that year.46 That story was
particularly closely covered, just like his appointment in Leiden and the associated
travails.47 Relativity’s alleged incomprehensibility and its counterintuitive or
avant-gardist nature very quickly became familiar tropes. For instance, in its re-
port on the notorious French serial killer Henri Désiré Landru, Het Vaderland
pointed out that ‘indeed, rien ne se crée et rien ne se perd, whatever Einstein and other
Dadaists among the modern physicists may say: even light-hearted women do not
evaporate completely into thin air if you burn them in the stove’48 (that is, the
material evidence in Landru’s case had not successfully been made to disappear
into nothing by the culprit). In any case, the idea was universally shared and was
largely considered to be unproblematic among journalists that Einstein’s general
theory of relativity was, in the words of Lorentz, a ‘lasting monument of
science’.49 Clearly, given that Einstein had become famous, relativity would be
particularly suited for popularizing and legitimizing theoretical physics, while at
the same time, these popularizations themselves would, of course, feed back into
Einstein’s fame.
As discussed earlier, members of the Dutch elite were keen to portray them-
selves as internationalists and Einstein’s role in Leiden could aid them in doing
so, while they tried to realize their pacifist goals at the same time. Indeed, Ein-
stein’s participation in the 1920 conference on superconductivity in Kamerlingh
Onnes’ home, with Weiss and Langevin in attendance, was reported in a news-
paper article with the headline: ‘Leiden as an international scientific centre.’50
The same piece further discussed a recent meeting, also in Leiden, between Ein-
stein from Berlin, James Jeans from London, and a number of Dutch astrono-
mers. Einstein himself was specifically identified with international reconciliation
attempts: Het Vaderland approvingly reported on a lecture by Einstein at King’s
College, where its correspondent saw a ‘true attempt to bury a terrible past.’51
Einstein’s trip to Paris in 1922 received coverage that was at least as extensive and
again his reconciliation efforts were the main theme.52 Clearly, the press was well
aware that any Dutch attempts to achieve academic reconciliation would receive
substantial support through Einstein’s public persona.
At the same time, Dutch reporters disapproved of the anti-relativity events in
Germany, and saw the ills of Germany’s old order and its rightist reactionaries
with anti-Semitic motives reflected in those events.53 In all, to reporters Einstein
had very quickly become an iconic figure, who combined a rock solid reputation
in science with progressive and internationalist politics, and a commitment to
Jewish causes;54 relativity was an achievement for which he should universally be
revered and only ignorance or bigotry might obstruct such judgement. Dutch
scientists under pressure would thus do well to show their professional and per-
sonal proximity to Einstein. By the end of 1920, after the news cycle on the British
eclipse results, on Einstein’s ‘special’ professorship in Leiden and on his reaction-
ary opponents had run its course, Einstein had become a celebrity, an ‘idol’.55 A
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column in the Easter issue of Het Vaderland in April of 1922 related a ‘kaleidoscopic
conversation’ on modern culture between a lady and two gentlemen: when dis-
cussing sexologist Eugen Steinach, Oswald Spengler, theosophism, spiritism and
transcendentalism, the conversation ‘came upon Einstein. How could you not talk
about him?’56
We have seen so far that, by and large, the Dutch public responded quite posi-
tively to Einstein in the years immediately after World War One. Science was un-
der pressure to produce more applicable work, yet theoretical physics was still
held in high regard, and in fact it could use relativity to exhibit a renewed rele-
vance for itself that honoured Lorentz, while it also indicated novel intellectual
horizons beyond his work. Einstein’s close relationship with Leiden and its physi-
cists of course aided this dynamic: it made it possible for Dutch audiences to
identify with relativity even more strongly as it could be considered to be tied to
local culture. At the same time, local scholarship extensively engaged with relativ-
ity and its creator, and shared this through the press. These circumstances are
particular to the reception of relativity in the Netherlands.
Einstein’s positions on the war were well known, and quite positively regarded.
In fact, they resonated strongly with the Dutch, given their internationalist views.
Einstein’s negative judgement on the role of conservative German elites was
widely shared, and the anti-relativity actions were condemned equally as a mis-
guided expression of ‘pan-Germanic’ sentiments.57 These circumstances are
again particular to the Netherlands, but when considered from a broader perspec-
tive, they show once more that Einstein’s, and subsequently relativity’s reception
was very much shaped by the highly politicized context of the war and its after-
math. In this sense, the Dutch case does resemble the reception histories of other
European nations, even though the Netherlands had remained neutral, and its
war years had been much less turbulent.
Relativity, democracy and educational reform
The Dutch reception of relativity was not universally positive, though. The theory
soon engendered questions on the status of truth in scientific knowledge that
played a key role in heated debates about the proper way to teach science in sec-
ondary schools. These debates were closely related to views on how society
should ideally be organized: governed democratically, with the largest possible
number of citizens enjoying a secondary education aimed at forming well
rounded ‘persons’, or ruled instead by a select and particularly competent group,
steeped in abstract mathematically deduced truths, à la Plato. Those who held the
latter position generally saw relativity as a threat. In what follows, we will outline
the debate, basing ourselves on Henk A. Klomp’s extremely valuable book De rela-
tiviteitstheorie in Nederland. Breekijzer voor democratisering in het interbellum,58 even if we
do not necessarily agree with all its aspects. Klomp’s story has not been taken
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into consideration sufficiently outside the Netherlands, so a more extensive dis-
cussion of his work is warranted. At the same time, we would also like to draw
this account into a wider comparison, using what we have learnt from other re-
ception studies.
In the debates that Klomp has described, the most interesting critic of relativity
was philosopher-psychologist Gerard Heymans. Some of his positions were, in
turn, of relevance to historian of science Eduard J. Dijksterhuis in his discussions
on education. Dijksterhuis was employed as a mathematics teacher for most of
his career, and his views on education were prompted first and foremost by his
concern about mathematics education. Heymans, a professor in Groningen, was
a prominent intellectual of the ruling conservative-liberal elite. His views on
knowledge and learning supported the social status quo before the introduction
of universal suffrage in 1917. He believed that certain and objective judgements
about nature could be made, and motivated this view by pointing to Kant’s synth-
eses a priori and how these grounded mechanics; to Heymans, Newton’s axioms
and the constitutive role of Euclidean space were definitive. Again inspired by
Kant, Heymans further believed that just as one could have certain knowledge of
nature, one could also make moral judgements that were certain and objective, if
one would only let the human ratio run its deductive course. Not everyone, how-
ever, could be expected to make such universal judgements: only those that had
been steeped in the deductions of the sciences could be expected to see Plato’s
shadows and act morally. Only the intellectual elite, then, was suited to govern;
extending the right to vote would weaken the state by introducing non-objective
judgements that were not aimed at the common good, which would make the
state vulnerable to special interests. Heymans’ conservatism was shared by many
academics of his generation, such as influential historian and culture critic J. Hui-
zinga, and to some extent also by Lorentz, although he was also a democrat.59
In the 1910s Heymans, already in his sixties, was confronted by scientists like
Jacob Clay and Jan Schouten, who contended that his system was in conflict with
the theory of relativity. Heymans reacted in 1921 by dismissing relativity in the
pages of De Gids: Einstein had assumed that all knowledge was grounded in ob-
servation, thereby ignoring synthetic a priori judgements. The new facts that rela-
tivity could explain should be considered too small in number to ‘shake the foun-
dations.’60 For Heymans, only explanations that gave real insight, based on
obvious and evident foundations, could give the certainty of true knowledge. In
essence, he simply compared relativity to his own epistemology, and found it
wanting. Still, it must have been difficult for Heymans to argue against the new
scientific consensus, given the authority that the sciences enjoyed in his system.
Fokker responded immediately and strongly (he was something of a Dutch ver-
sion of Hans Reichenbach61). He pointed out, for instance, that there was no need
to consider absolute space a precondition to our knowledge of the world. Hey-
mans’ most relevant critic was physicist and pedagogue Philipp Kohnstamm.
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Kohnstamm maintained that Heymans illicitly imposed a human measure on na-
ture when he insisted that physics needed to provide theories endowed with ex-
planatory power. For Heymans, such theories gave certain knowledge, but Kohn-
stamm believed that one could possess no such thing: truth was like a person,
whom one could meet, but never possess. He credited the insight that knowledge
could not be certain to the appearance of the theory of relativity: natural laws had
proven to be mere idealizations with only a limited validity. Such uncertainty was
to be expected for knowledge grounded in experience and it also implied that one
could not expect determinist certainty in moral judgements. This made room for
religious and intuitive considerations in taking ethically just decisions (Kohn-
stamm, who was born Jewish, had been converted to Christianity in part because
of his interactions with J.D. van der Waals sr.) Education should thus aim at
forming emotionally rich and responsible characters, Kohnstamm argued in
1926: developing well rounded ‘personalities’ was its essential task, according to
his ‘personalist’ philosophy. Klomp points out that Kohnstamm placed a person’s
conscience above his ratio, so political power need not be restricted to those who
have enjoyed a state education in accordance with Plato’s ideals.62 Kohnstamm
was indeed a democrat: in fact, he had been party chairman of the Vrijzinnig Demo-
cratische Bond in 1917 that was partly responsible for introducing universal suf-
frage.
Fokker and Tatiana Ehrenfest-Afanassjewa, the wife of Paul Ehrenfest, pre-
sented ideas similar to Kohnstamm’s. Both believed that intuitive and empirical
reasoning should precede the introduction of abstract, deductive mathematics in
education. They, too, pointed to relativity to justify their ideas. By the mid-1920s,
Heymans had retired from criticizing relativity and his role was taken over by E.J.
Dijksterhuis. Dijksterhuis was particularly concerned about the place of ‘me-
chanics’ in the Dutch secondary school curriculum. At the Hogere Burgerschool (the
recently established advanced secondary school type that did not offer classical
languages), mechanics had its own weekly four-hour slot, and was taught by
mathematics teachers in a strictly deductive way, starting with Euclidean and
Newtonian axioms. Physicists now appealed to the authority of relativity, claiming
that mechanics was really an empirical science and that they should be the ones
teaching it. The heated debate prompted the Ministry of Education to seek advice
from, among others, Fokker and Dijksterhuis. In the end, it decided in 1934 to
retain the mechanics course in its existing format.
Dijksterhuis’ response to relativity was subtler than that of Heymans. He en-
listed his historical scholarship in the hope of defusing its threat. Dijksterhuis
argued that relativity was not nearly as innovative as had been claimed: since Ga-
lileo, the goal of physics had been to capture the simplest mathematical expres-
sion of the facts, and this process of mathematization had brought the only true
progress in the sciences. The process had reached its pinnacle with the formula-
tion of Newton’s axioms: Einstein’s theory was just a recent addition.63 Relativity
99
still lacked a proper formal structure, and was, therefore, not suited to be pre-
sented in schools. Dijksterhuis strongly believed in Plato’s educational philoso-
phy, in which students were brought up in the strictest mathematical rigor: ac-
cording to Dijksterhuis, deduction taught that claims needed to be substantiated,
and built character. Empirical methods could not be a suitable replacement, and
introducing relativity itself would undermine the deductive courses in mathe-
matics, as it undermined their axioms. In 1937, Dijksterhuis ended up defending
that the school curriculum should depart from the latest scientific consensus if
that was necessary to retain Platonist ideals.
Dijksterhuis’ influence was substantial in the 1920s due to, among other
things, his membership in many advisory committees on educational matters,
and it was boosted further when he became Secretary of the editorial board of De
Gids in 1933. Kohnstamm criticized him for not caring about the dropouts of his
selective mechanics courses, while for Dijksterhuis only educating the ruling
elites seemed to matter. Dijksterhuis did feel intellectually at home with fascist
ideologies and briefly joined the Nationaal Front – a marginal group that was fairly
prominent in Dijksterhuis’ home town of Oisterwijk – only to quickly resign his
membership when he was confronted with the group’s anti-Semitism.64 In 1943,
during the German occupation of the Netherlands, he accepted a professorship in
history of science at the University of Amsterdam, which was considered a much
graver offence after the occupation had ended. After 1945, Kohnstamm’s ideas on
education, and those of like-minded intellectuals such as Ehrenfest-Afanassjewa,
gained much authority and in effect began to guide educational reform when the
newly constituted Dutch Labour party (Partij van de Arbeid) embraced them in 1951.
It is interesting to note that Einstein, when expressing his pedagogical ideals,
found, just like Kohnstamm, that schools should try first and foremost to form a
‘harmoniously developed person’ with a ‘lively feeling for values,’ and that he
pointed to the absence of authoritarian school systems in ‘democratically gov-
erned countries.’65 Kohnstamm emphasized that drilling was the educational
method of dictatorships, while Dijksterhuis held that hardly any student ‘is strong
enough to be able to be free.’66 It is not too hard to imagine that a young Einstein
might have been unhappy in Dijksterhuis’ mechanics courses.
Thus, according to Henk Klomp, by inspiring Kohnstamm and others the the-
ory of relativity eventually contributed to the democratization of the Nether-
lands.67 This conclusion is unproblematic, as far as we are concerned, when con-
sidered straightforwardly on the level of historical facts. Yet, Klomp also raises
the rhetorical question whether the course of events could have turned out differ-
ently if it were not for the theory of relativity. His answer simply repeats the fac-
tual claim, thereby implicitly emphasizing the instrumental nature of the theory
of relativity in this process of democratization. Of course, elements of Einstein’s
theory went against certain presumptions of the epistemologies of Heymans and,
though less so, of Dijksterhuis. Still, the contingencies in this story should not be
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Fig. 2 – P.A. Kohnstamm in 1935, 60 years old, picture by his son, G.A. Kohnstamm.
Source: Dolph Kohnstamm
overlooked. The Netherlands was already democratizing due to forces far greater
than the intellectual challenges posed by relativity. We can very well imagine sce-
narios in which other theories of physics would have played similar roles, as the
determination to criticize conservative epistemologies was stronger than the force
of arguments that might be mustered by relativity could ever be. Kohnstamm, for
example, even claimed in 1926 that relativity introduced a new level of indetermi-
nacy due to its inherently four-dimensional nature, despite personally communi-
cated strong criticism of this point by Ehrenfest.68 Clearly, Kohnstamm’s aim was
to dismiss epistemologies because they obstructed his pedagogy, rather than be-
cause he wished to convince Heymans, Dijksterhuis, or anyone else of the conse-
quences of relativity theory. In all, the observation that the extensive public pres-
ence of relativity was partly due to inevitable philosophical debates that
accompanied the Dutch democratization process seems at least as justified as the
notion that relativity intrinsically promoted that process and its debates.
Dijksterhuis, Heymans and the groups that they represented were not the only
ones that objected to relativity. Klomp has reviewed its reception from the per-
spective of the social and ideological ‘pillars’ that typify Dutch society of the peri-
od.69 Thus, he has further identified Catholic and Protestant critics, such as
philosophers P.H.J. Hoenen and D.H.Th. Vollenhoven, and some socialist enthu-
siasts for relativity like Gerrit Mannoury. Similarly, our study of the newspapers of
the period has taught us that responses in various groups were reflective of those
groups’ primary interests, though it should be added that Catholic or Protestant
media did not report on Einstein or relativity critically, but simply less frequently
or jubilantly. Addressing responses from the perspective of the ideological ‘pil-
lars’ does not seem to add much beyond what one would expect, namely that
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these responses reflect Dutch ‘pillarized’ culture to some extent. Beyond the ‘pil-
lars’, however, Klomp has also identified a common ground that critics of relativ-
ity shared: he agrees with the observations of philosopher and logician Evert
Beth, who argued in 1964 that relativity had threatened the ‘principle of obvious-
ness’, i.e. Aristotle’s principle that the foundations of knowledge should be ob-
vious, which played a central role in both Enlightenment and Christian philoso-
phies. Thus, critics of relativity had defended their metaphysical beliefs by
denying relativity proper authority in contradicting their epistemologies.70
Klomp has presented most of all a rich history of ideas, but he also draws
attention to the fact that relativity’s critics feared for the social positions and ar-
rangements that were intellectually justified through their epistemologies.71 This
brings us to familiar territory: Dutch critics, though less radical, vehement, or
explicitly political, were, then, basically just the same as their anti-relativist coun-
terparts in countries like Germany or the US: they opposed the marginalization of
their social and cultural values and positions. They believed that these had come
under threat from the forces of modernization, forces whose other manifestations
could range widely from abstract art or political change to specialization in the
sciences, but which they identified directly or even only metaphorically with the
theory of relativity.72 Differences can, however, also be observed. As noted, the
exchange of arguments in Holland was considerably more civilized than else-
where, and there was virtually no vocal opposition from within the physics disci-
pline itself that reached beyond the polite confines of academic debate. Circum-
stances that are particular to the Dutch context – the role of Lorentz and the ideals
of neutrality and internationalism – have no doubt contributed to the moderate
nature of the debate. In any case, it is most important to observe that Dutch op-
ponents to relativity, when they tried to obstruct changes in education or debated
the necessity of a priori judgements, ultimately tried to resist social change and
the downgrading of their positions and values. Their opposition thereby exhibited
the same dynamic as that of anti-relativists in other post-World War One socie-
ties.
Conclusions
The Dutch position in the international political context of the Great War and its
aftermath played a substantial role in the presentation of Einstein and relativity to
the public, and subsequently in how they were appreciated. The Dutch situation
was quite different from that in neighbouring countries, yet it shares with them
the circumstance that the reception of relativity was very much coloured by the
war.
The prominent presence of relativity in Dutch society should be ascribed first of
all to the culturally prominent position of the sciences in the period. Yet, as we
have shown, that position came under pressure. In the case of relativity, this pres-
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sure actually aided the introduction of the theory, as theoretical physicists like
Fokker chose it to present their field; internationally prominent, yet closely tied
to the Dutch tradition in physics, relativity seemed ideal for this purpose. Further-
more, Einstein’s internationalist stances were appreciated by Dutch audiences,
which again led to more, and more positive reporting on both Einstein himself
and his theory. Finally, debates fuelled by the democratization of Dutch society
drew in relativity, as the theory was well suited for dismissing conservative epis-
temologies. Thus, the public rise of relativity both resonated with, and accelerated
Dutch society’s democratizing forces.
There was also criticism directed at relativity. Physicists who preferred the
ether, like Van der Waals jr., largely limited themselves to civilized if not predo-
minantly academic debate – Van der Waals jr. actually expressed himself quite
positively about relativity in the early 1920s73 –, or, like Lorentz, they would still
find many things to applaud Einstein and his theory for. Henk Klomp has shown
that the most relevant public criticism originated in quarters that felt the theory
was unjustly granted authority in epistemological matters. This sentiment was
shared by a number of authors of various conservative persuasions, who, as we
saw, resisted relativity, as they perceived it as a threat to their values and the
associated social positions or ideals. Although the Dutch opposition to relativity
refrained from personal attacks, which was quite different elsewhere, we have
argued that its underlying motivation derived from political and social frustra-
tions or fears similar to those in other countries. Thus, the Dutch reception of
relativity, though atypical in its particulars, was not atypical in an international
comparison when viewed from the broader perspective of social change and its
discontents. In sum, then, we conclude that the Netherlands has a reception his-
tory that departs from familiar stories of larger European nations in its details,
but resembles them in its underlying dynamics.
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46. See for example: ‘Einstein’, 14 May 1920, Het Vaderland (announced Einstein’s Leiden
special professorship); ‘Einstein een Duitscher’, 26 May 1920, Algemeen Handelsblad
(informed readers of Einstein’s birthplace and nationality); ‘Prof. Dr. Einstein’, 27
August 1920, Nieuwe Rotterdamsche Courant (Einstein replied to his critics in the Berliner
Tageblatt); ‘Prof. Einstein’, 8 September 1920, Algemeen Handelsblad (Einstein may
receive the offer of a chair in Bern); ‘Een Einstein vergadering’, 26 September 1920,
Algemeen Handelsblad (on the debate with Philipp Lenard at Bad Nauheim; for more on
the anti-relativity events in 1920, see the references in note 1).
47. For example: ‘Prof. Einstein te Leiden’, 18 May 1920, Algemeen Handelsblad; Het
Vaderland; De Tijd; ‘Prof. Einstein’, 27 October 1920, Leeuwarder Courant; ‘Prof. Einstein’,
18 October 1920, De Sumatra post.
48. ‘Uit het laboratorium van Désiré Landru’, 1 August 1920, Het Vaderland; for the
incomprehensibility of relativity as a rhetorical element, see e.g. ‘De toestand’, 24
November 1921, Nieuwe Rotterdamsche Courant.
49. Lorentz (1919).
50. ‘Leiden als internationaal wetenschappelijk centrum’, Algemeen Handelsblad, 15
November, 1921.
51. ‘Zomer in en buiten Londen’, Het Vaderland, 22 June, 1921.
52. See for instance ‘Einstein over den internationale toestand’, Het Vaderland, 10 April
1922.
53. For example: ‘Studenten en politiek’, Algemeen Handelsblad, 14 February 1920; ‘Heine-
vereering’, Het nieuws van den dag voor Nederlandsch-Indië, 20 November 1920; ‘Albert
Einstein’, Het Vaderland, 29 August 1920; ‘Broederschap’, Het Volk, 3 September 1920;
‘Einstein’, Nieuw Israëlietisch Weekblad, 3 September 1920.
54. On Einstein’s Zionism, see e.g. ‘Opbouwfonds’, Algemeen Handelsblad, 21 November
1919.
55. As in Wereldkroniek, cited by Nieuwe Rotterdamsche Courant, 11 August 1921.
56. ‘Kaleidoscoop’, ‘Gesprek’, Het Vaderland, 16 April 1922.
57. See ‘Heine-vereering’, Het nieuws van den dag voor Nederlandsch-Indië, 20 November 1920.
58. Klomp (1997).
59. On Lorentz and Heymans, see Theunissen & Klomp (1998); on Lorentz as a democrat,
see e.g. Klomp (1997), p. 52.
60. Heymans (1921), p. 98, as cited in Klomp (1997), p. 84.
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61. Reichenbach vigorously defended relativity against any criticism in the German
language; see Hentschel (1990).
62. Klomp (1997), pp. 135-139.
63. Klomp believes that the debate on mechanics strongly influenced Dijksterhuis’
arguments in his Mechanization of the world picture and Val en worp (‘Free fall and
projectile motion’); see Klomp, pp. 143, 183 and 200. For Dijksterhuis’ reaction to
relativity, see also Van Berkel (1996), p. 150.
64. Van Berkel (1996), pp. 262-266.
65. Albert Einstein, ‘Education for independent thought’, New York Times, 5 October 1952,
on p. 72 in Einstein (1994); and ‘On education’, address at the tercentenary
celebration of higher education in America, Albany, N.Y., 15 October 1936, pp. 63-69
in Einstein (1994), on p. 66. We thank Huub Rutjes for drawing our attention to these
articles. Also, one can easily see connections between Ehrenfest-Afanassjewa’s ideas
on education (Klomp 1997, pp. 166-169) and Einstein’s epistemology, as for example
found in the latter’s essays ‘Geometry and Experience’ (1921) and ‘On the method of
theoretical physics’ (1933), pp. 254-268 and 296-303 in Einstein (1994).
66. Klomp (1997), p. 208.
67. Klomp (1997), p. 220.
68. Klomp (1997), pp. 129-131.
69. Klomp (1997), chapter 4, ‘Einstein en de verzuiling’; for an account of the ‘process of
pillarization’ during the interwar years, see Lijphardt (1968).
70. Klomp (1997), pp. 221-225.
71. Klomp (1997), in particular p. 118.
72. Recent literature that engages with this perspective is: Wazeck (2009), (2013); Van
Dongen (2010), (2012). Interestingly, even Paul Ehrenfest, though a proponent of
relativity and other theories at the vanguard of modernity, also struggled with some of
its consequences; see Van Lunteren & Hollestelle (2013).
73. Van der Waals jr. (1921), p. 84; (1923), p. 94. On Van der Waals’ positions in physics,
see Maas (2001), pp. 151-155.
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6 ‘Our stomachs can’t wait that long’:
E.C. van Leersum and the rise of
applied nutrition research in the
Netherlands
Pim Huijnen
Characterizing the pharmacologist and physician Evert Cornelis van Leersum in
his otherwise glorifying obituary, his eulogist, F.M.G. De Feyter, ranked him
quite atypically with medical scientists like G.J. Loncq, S. Talma and C.A. Pekel-
haring.1 This is somewhat mystifying, because Van Leersum died in 1938 at the
age of 76, whereas the careers of the scientists he was being compared to all date
back to the last decades of the nineteenth century. Van Leersum was not granted
tenure as a Professor until 1904. Moreover, the first scientist on the list had died
half a century prior to Van Leersum and the last one fifteen years earlier. Still, the
author of the obituary, Van Leersum’s former assistant De Feyter, considered the
death of his old professor the end of an era – an era in which scholars tended to
practice science in a ‘philosophical and historical sense’.2
Although Van Leersum was, among many things, Professor in the History of
the Medical Sciences at the University of Leiden, it is highly doubtful, considering
the course of his career, that he would have approved of this characterization. De
Feyter apparently presupposes a dichotomy in the Dutch scholarly tradition. He
evokes an image of an ivory tower-like ‘old era-science’, in which scholars limited
themselves to theorizing, in contrast to ‘modern science’, which was supposedly
much more aware of its social responsibility. Even if this contradiction had in
reality existed, Van Leersum would not have felt very comfortable in the company
of his nineteenth century colleagues, as is clear from Van Leersum’s own argu-
mentation:
There are scholars who presumptuously lock themselves in their laboratories,
believing that serving science for its own sake is of a higher order. If they are
born geniuses we must, naturally, leave them be. However, the ‘stock’ of these
prodigies isn’t very large […]. The majority of us do better at aiming a little
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lower. Incidentally, a discovery of practical usefulness or a large organization
demands no less sophistication than the unravelling of an abstract problem.3
This article aims to unravel the apparent paradox between De Feyter’s character-
ization of Van Leersum and the way he viewed himself.4 This does not mean that I
intend to reiterate the debate about the characterization of Dutch science in the
nineteenth and early twentieth century in terms of ‘fundamental’ versus ‘applied’
research, or of ‘science for science’s sake’ versus ‘the practical usefulness of
science’. Various excellent publications on this discussion have already shown
convincingly that the dichotomy that De Feyter presents only had a limited basis
in reality.5 In this article, I would prefer to present Van Leersum’s career as an
illustration of how scientists around the turn of the twentieth century coped with
the rapidly changing circumstances in their profession and in society as a whole.
The fact remains, after all, that the increased availability of funds and other
means for academic science at the end of the nineteenth century led to specializa-
tion and created good conditions for fundamental research. At the same time,
industrialization and social questions urged scientists to dedicate themselves
more to applied research.
In the end, the extent to which scholars allowed either the fundamental or the
practical aspects of their research to prevail was also an individual choice. Anne
Kox, for examples, has argued that the eminent Hendrik A. Lorentz felt most
comfortable doing fundamental research. Kox further argues that this scientific
attitude is not in contradiction with Lorentz’ dedicated commitment to applied
work during the Great War.6 The focus in this article on Van Leersum’s Werdegang
can help create a better understanding of how this combination might work. Just
as it was for Lorentz, World War One was also a turning point for Van Leersum,
his colleague in Leiden. As specialized as Van Leersum was in nutrition research,
the shortages and the poor public health he observed around him made him de-
cide to give up his university chair to dedicate himself to the establishment of a
private institute for nutrition research and education. For Van Leersum, nutrition
research – which the newly discovered vitamins at the time had catapulted into
the modern age – carried with it a special social responsibility. As he continued in
the argument quoted earlier:
One must also realize that humanity has its needs. These have to be met very
urgently. They have no time to wait until the moment that science appears, all
finished and ready, like Athena out of Jupiter’s head, before us. Most of all,
our stomachs can’t wait that long.7
Interestingly, the movement towards research on the interface between academy
and industry, which was the ambition of Van Leersum’s institute, led to a
strong focus on the United States. Consequently, Van Leersum developed a
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Fig. 1 – Dr. Evert Cornelis van Leersum (1862-1938) in 1920. Source: Archive NIVV,
Voedingscentrum Den Haag
great preference for American science, as this article will also elucidate. Although
Van Leersum’s American experience was limited to a seven-month journey across
the United States, I believe that his focus on the new continent resembles, in a
way, the career of Anne Kox, to whom this volume is a tribute. Of course, much
more than Van Leersum has ever done, Anne Kox has succeeded in positioning
himself firmly with one foot in the Dutch and the other foot in the American
history of science community. For both these scientific communities, I hope that,
after his retirement, he will continue to straddle the Atlantic in this way for a long
time to come.
World War One and vitamins
One of the first ways in which Van Leersum put his efforts for nutrition education
into practice after his retirement from Leiden University was a series of articles he
wrote for the daily newspaper Algemeen Handelsblad, in 1919 and 1920. In these
contributions he reported on his journey across the United States to learn from
best practices what a scientific institute on nutrition research should look like.
His initial ideas on nutrition education must have had something to do with sti-
mulating people’s appetite. His first report about his journey, published in Alge-
meen Handelsblad, starts with a summary of several paragraphs of the dishes served
during the boat trip from Holland to the United States – for all three classes on
board. Perhaps this mouth-watering summary was meant as an inspiration to
people to cook in an equally healthy way. In any case, the food that was served on
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the steamer greatly excited Van Leersum, who emphasized that even the third
class ‘has nothing to complain about’:
Their breakfast is composed of coffee with sugar and milk, bread with butter
and cheese, or salted or marinated herring, or kipper, or apple butter, or cold
cuts, or salted meat, or sausage. The Sunday Dinner is made of fresh meat
soup with rice and vegetables, a fresh piece of beef with potatoes and pudding
with plum sauce. On Mondays they are offered bean soup, smoked bacon,
potatoes and sauerkraut; on Tuesdays green pea soup, Australian meat,
potatoes, string beans and pickles. […]8 After this follows, at 3 p.m., coffee
with bread or hardtack and in the evening at 6 p.m. lobscouse9 or Irish stew,
or rice with milk, or pearl barley porridge with plums, or hash or goulash with
potatoes, tea with sugar and bread with butter.10
Apart from the fact that the summary expresses the Professor’s seemingly limit-
less fascination with food, its real value was a point Van Leersum made rather
casually: ‘Many of the third class passengers consume more calories here on
board in a single day than they do at home during a whole week.’11
Van Leersum’s focus on calories seemed to stem from the traditional, nine-
teenth century views on nutrition that centred on the consumption of sufficient
amounts of proteins, carbohydrates and fat. However, a much as Van Leersum
was devoted to the well-being of the people, which had driven him to take on this
enterprise in the first place, the reason why he went to the US was to observe the
‘newer knowledge of nutrition’.12 The American approach – a qualitative, rather
than a quantitative focus on nutrition – had evolved from the discovery of vita-
mins and was being put into practice in facilities for research and education all
over the United States. Based on rapidly advancing international vitamin research,
as well as on his rather disappointing attempts to communicate its results to the
Dutch public during World War One, Van Leersum felt a genuine urge to ser-
iously inform the public on the truths and myths of healthy nutrition.
Although The Netherlands had successfully managed to uphold its neutrality
during 1914-1918, the Great War did not go unnoticed. In particular, the inade-
quate national food supply ended up being a source of social upheaval. Food
shortages caused riots and uprisings in several Dutch cities, starting as early as
1916.
The Minister of Agriculture, Industry and Trade, Folkert Evert Posthuma, bore
the brunt of the people’s dissatisfaction, for instance, when he dared to prohibit
the production of white bread in April 1916, to cope with the shrinking grain
supplies. Obviously, grain is used far less efficiently in the production of white
bread than it is in wholewheat bread. However, white bread was considered an
important symbol of welfare and people were unwilling to give it up right away in
exchange for the ‘proletarian’ wholewheat loaves. Attestations by scientific ex-
114
perts that the nutritional value of wholewheat exceeded that of the more luxurious
white bread, for example in terms of vitamins, were unable to persuade the pub-
lic.13 In this respect, the continuing export of white bread to German and Belgian
border communities also did not help. Eventually, Posthuma gave in and called
off the prohibition.
However, this did not stop the public bashing of Posthuma. During the war, he
grew into the most disliked government official, owing to the increasing number
of state measures restricting the food supply. The Government started controlling
the sale of foodstuffs in February 1917: butter, cheese, eggs, flour and bread were
all rationed. Apart from railing at Posthuma, it became a national sport to find
creative ways to face the worsening living conditions. Women’s magazines, like
the popular De Vrouw en haar Huis (The Woman and her Home)14 helped, for ex-
ample, with advice for healthy living. Women were advised to start their own
vegetable gardens and were particularly encouraged to grow legumes, because of
their ‘high protein levels and easy digestibility’.15 Famous writer of cookbooks
and nutrition expert, Martine Wittop-Koning, advised in the same magazine not
to disregard ‘the so-called ‘coarse’ vegetables, like cabbages, carrots and onions,
because of the indispensable ‘life particles’ (vitamins)’16 they contained, in con-
trast to many pickled or salted vegetables. This was a surprisingly early reference
to the newly discovered vitamins in De Vrouw en haar Huis, a publication whose
main focus tended to be on the old doctrine of consuming sufficient amounts of
proteins, carbohydrates and fat.
Even if it did not do so for the wider public, for scientists World War One
inevitably proved that the traditional, ‘quantitative’ perspective on nutrition was
outdated. This was a consequence of the extraordinary rise of nutrition research
during the war. Maintaining the national food supply became part of the warring
nations’ war strategies. After all, the war efforts depended as much on well-nour-
ished armed forces, as the war economies depended on well-nourished workers.
Scientific research did its part by determining the nutritional values of foodstuffs
and by looking for alternatives for nutrients that had grown scarce. In the United
Kingdom, the Food War Committee of the Royal Society headed food research.
With pioneering vitamin researchers like Frederick Gowland Hopkins among its
members, the Committee’s work was an important stimulant for British vitamin
research, also in the post-war years. 17
Additionally, the war provided case studies showing the deficiencies of the tra-
ditional views on nutrition. Numerous outbreaks of deficiency diseases could not
be explained by using nineteenth century knowledge of food standards. Denmark,
for example, witnessed a serious outbreak of the eye condition Xerophtalmia, or
‘dry eyes’, after substituting margarine for butter. Obviously, margarine does con-
tain an equivalent amount of – albeit vegetable – fat. What it lacks, though, is
vitamin A, and a deficiency of this vitamin causes the eye disease. Similarly, var-
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ious armed forces developed other deficiency diseases, such as scurvy or beri-
beri.18
The deficiency paradigm
Just before the war, scurvy and beriberi had been linked to vitamin deficiencies.
Though a riddle to scientist for several centuries, precisely these diseases had
become the catalyst for ‘modern’ vitamin research. It had, in fact, been Dutch
research into beriberi – a disease of the nervous system – that had given rise to
the deficiency paradigm at the end of the nineteenth century, though to a large
extent in spite of itself. The Dutch Government had initiated a scientific expedi-
tion to the Dutch East Indies in 1886 to investigate the causes of beriberi. The
disease had spread among the mostly indigenous armed forces of the Royal Neth-
erlands East Indies Army during the Aceh War (1873-1904). In this war, more
soldiers succumbed to beriberi than died in battle. Consequently, knowledge of
the origin and treatment of the ailment had direct military relevance.19
In the context of this expedition, the medical scientist Christiaan Eijkman made
his discovery that the cause of beriberi was related to nutrition. While hens that
were fed white rice developed a polyneuropathy that was analogous to human
beriberi, feeding them non-hulled rice appeared to cure them. Experiments with
prisoners showed that the same was true for humans. However, the idea that the
outer husk of rice might contain an indispensable, curative element clashed so
badly with the concept of bacterial infection, that it was very difficult for scientists
to accept it. This is how Eijkman’s successor in Batavia, Barend Coenraad Petrus
Jansen, explained it in his lecture at the University of Amsterdam in 1929:
The idea that a well-defined disease like beriberi was not caused by an
infection, but by a deficiency of traces of a still unidentified element in
nutrition, was in such opposition with the prevailing ideas that it took years
before medical scientists rated Eijkman’s work at its true value.20
Ironically, it was Eijkman himself who failed to acknowledge the scope of his
discovery in the first place. The man who was awarded the Nobel Prize for the
discovery of vitamins in 1929 – a man whom the historian of science Bastiaan
Willink once characterized as ‘a solid researcher, not overly rich of ideas, not very
productive’21 – opted for the theory that the rice husk contained an antidote able
to eradicate the supposed beriberi bacteria. ‘The reluctant father of the vita-
mins’22, Jansen later called him, because he kept clinging to his bacteria theory
until well into the 1910s. The Assistant Director of the laboratory, Gerrit Grijns,
accepted the existence of ‘protective elements’ in the husks of non-processed rice
– as he called them in 1900 – with considerably more ease. He continued research
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into beriberi when Eijkman had returned to the Netherlands in 1898 after having
accepted a chair at the medical faculty of the University of Utrecht.23
Due to his aversion to the vitamin theory, Eijkman did not continue his re-
search on beriberi in Utrecht. The Netherlands lost its position at the forefront of
vitamin research, just when Eijkman’s beriberi research had ‘broken the spell’ 24,
to cite Jansen once more, in international medical science. The biochemist Hop-
kins made a name for himself with a publication based on his animal feeding
experiments in 1912, proving that ‘accessory food factors’ were needed to make
animals grow, in addition to the known nutrients.25 The Polish biochemist Casi-
mir Funk made a decisive step forward by linking this characteristic of beriberi
with those of other ailments like pellagra and scurvy. While working at the Lister
Institute in London, he introduced the term ‘vitamins’ – originally ‘vitamines’ – in
1912 to label the types of nutrients that if lacking would cause such diseases.
However, the concept of vitamins could not be applied as anything other than a
practical conceptual tool in the research of deficiency diseases. After all, it was
not until 1926 that someone actually identified a vitamin by isolating it from the
substance it was part of.26
Academic scientists gradually identified more and more ailments as being defi-
ciency diseases – rickets being the most notable. This was done mostly by experi-
menting with the addition of typical substances like milk or yeast to ‘purified’
diets – containing nothing but fats, carbohydrates, and proteins – in laboratory
animals. By perfecting these techniques, scientists gradually managed to distin-
guish the various types of vitamins and learned to understand how they worked in
the body and what the consequences of deficiencies or overdoses were.27 As Eijk-
man discovered for himself, by the mid-1910s it became increasingly difficult to
deny the existence of vitamins. To cite the title of the programmatic book by the
American biochemist Elmer McCollum, these elements were at the core of a ‘new-
er knowledge of nutrition’.28 Based on his experiences during World War One, it
was Van Leersum’s opinion that the Dutch public needed to be educated in this
new understanding of healthy nutrition. Because of the lack of a lively academic
discourse on vitamins in the Netherlands, Van Leersum decided to take the lead
himself. What he aspired to was a private institute, solely dedicated to nutrition
research and education.
The first Dutch Professor in the pharmaceutical sciences
Van Leersum became involved in food education during the war. He treated the
readers of the weekly De Groene Amsterdammer, for instance, to an abundant phar-
maceutical analysis of the nutritive value of peeled, as opposed to unpeeled pota-
toes in 1917.29 In general, the pharmacologist had a history of combining a strong
feeling of social responsibility with distinct intellectual ambitions. Born in
Utrecht in 1862, Van Leersum attended the local HBS – the recently developed
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school type preparing for university without the classical languages that distin-
guished the Dutch ‘gymnasium’. He then went on to study medicine at the Uni-
versity of Utrecht. During his studies, he worked for a while as an Assistant to the
renowned medical scientist Franciscus Cornelis Donders. Van Leersum received
his medical degree in 1886. A year later, he obtained his PhD at the university of
Freiburg, far in the South of Germany. Having achieved a doctorate did not quell
Van Leersum’s academic ambitions. He continued his studies in Königsberg,
Vienna, and Berlin, dedicating himself to metabolic diseases.
After this stint in Germany, he decided to return to his home country and settle
there as a medical practitioner. He could not get accustomed to the small towns
of IJlst and Opheusden, where he moved initially: he found them too rural. Ac-
cording to his later Assistant F.M.G. De Feyter, it was the vicinity to the cities –
and the universities – of Utrecht and Amsterdam that made him subsequently
decide to move to the village of Baarn.30 Around the turn of the century, the then
35-year old physician moved his practice to Amsterdam, where he also found a
job at the laboratory of Barend Joseph Stokvis, Professor in the Pharmaceutical
Sciences at the University of Amsterdam.31 Here, Van Leersum had his first ex-
perience in academic pharmaceutical research. During that time, his motivation
to do hands-on work as a physician also brought Van Leersum to South Africa for
a period of several months in 1900. There, he served as the Head of the Russian-
Dutch field hospital during the Boer War.32
Having, until then, focused mainly on his work as a physician, his full-time
return to the university a few years later came as quite a surprise to Van Leersum
– as he once confessed to the daily Algemeen Handelsblad. He only found out about
his appointment as Professor in the Pharmaceutical Sciences and in the History of
Medicine in Leiden early in 1904 when a colleague called to congratulate him. Van
Leersum himself had absolutely no idea, but his appointment was published in
the Staatscourant, the state newspaper announcing new laws and other governmen-
tal decisions. Van Leersum described to Algemeen Handelsblad his conversation with
Abraham Kuyper, Prime Minister and Minister of Internal Affairs – also responsi-
ble for Education – with whom he had requested an audience to find out why they
had appointed him, of all people. After all, so he argued, he had never given any
indication of having an interest in the history of his chosen field of study. ‘That is
no problem at all,’ Van Leersum remembered the leader of the Orthodox-Protes-
tant Anti-Revolutionary Party replying, ‘I am meddling in many things now that I
had no knowledge of before.’33
Van Leersum was not only the first Dutch Professor in the Pharmaceutical
Sciences, but also in the History of Medicine. In this way, he honoured both the
past and the future in his Leiden chair. Eventually, the twentieth century would
grow into the age of the pharmaceutical sciences, which were a rapidly advancing
field of research, highly influenced by the progress in medicine, chemistry and
physiology. However, Van Leersum did not succumb to the temptation of neglect-
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ing the historical aspect of his chair in favour of the exciting prospects in the
pharmaceutical sciences. He published several books and articles on famous
medical scientists of the past. He organized an exhibition on the history of medi-
cine, entitled ‘What is Past is Prologue’, in 1907, and re-established the Society for
the History of Medicine in 1913, taking the fields of history of mathematics and
physics under his wing as well. As a result, all famous Dutch scientists, such as
Lorentz, Zeeman, and Kamerlingh Onnes, were present at the founding meeting
of the Society, which is celebrating its centennial under the name of Gewina in
2013. The fact that few of these Dutch Nobel Prize winners would ever show up
at any of the Society’s future meetings did not in the least detract from the festive
atmosphere at this first meeting.
‘An expression of peaceful internationalism’
Clearly, Van Leersum knew Hendrik Antoon Lorentz through the Society, if he
had not already met him at the University of Leiden where they had worked simul-
taneously for eight years. The letter Van Leersum sent to Lorentz in December
1917 was written in a correspondingly familiar tone. Van Leersum addressed Lo-
rentz with ‘Dear amice!’ followed by a request. Lorentz had retired from his posi-
tion as Ordinary Professor in 1912, in order to be able to dedicate himself more to
physical research. As the curator of the Physical Cabinet of the Teyler’s Stichting
in Haarlem, he had his own laboratory at the Teyler’s Museum – something he
had always had to do without in Leiden. Also, Lorentz was the Secretary of the
Hollandsche Maatschappij der Wetenschappen, an organization to promote science,
which was housed directly opposite the Teyler’s Museum on the other side of the
Spaarne River. When Van Leersum wrote to him, Lorentz had just been appointed
Chairman of a committee to gather and elaborate ideas on how science could
make itself useful to society. Van Leersum wondered whether his initiative of es-
tablishing an institute for nutrition research and education had a place side by
side, or within this committee.
Lorentz had no history in taking social responsibility as a scientist, as Anne
Kox has argued so eloquently, for example in an article on Lorentz’ work for the
Zuiderzeewerken, the dike that reduced the Zuiderzee inlet to an artificial lake after
World War One. According to Kox, ‘Lorentz was first and foremost a scientist
interested in doing fundamental research into the nature of matter and the quin-
tessence of phenomenon like electricity and magnetism.’34 However, the Great
War had changed something for Lorentz, as it had done for so many other aca-
demic scientists in Europe. In particular, all kinds of scientists in the warring
nations, not just those in medical or pharmaceutical faculties, began to engage
themselves with the war effort. Evidently notorious are the contributions of the
Berlin chemist Fritz Haber to the military use of gas, or the pamphlet ‘Aufruf an
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die Kulturwelt’ (Call to the World of Culture) that so many German scientists
signed in 1914.35
Although they were incomparable to those in most of the warring nations, the
worsening circumstances in the Netherlands had had the same effect on Dutch
scientists. Just as they had encouraged in Van Leersum a sense of public respon-
sibility, the same was true for the Royal Dutch Academy of Arts and Sciences as a
whole. The Academy had approached the Dutch Government with the initiative
for a scientific committee for advice and research in the interest of the well-being
and the defensibility of the Dutch people (Wetenschappelijke Commissie van Advies en
Onderzoek in het Belang van Volkswelvaart en Weerbaarheid) in the Autumn of 1917. The
government gladly gave its permission. Lorentz, who recognized the value of the
initiative, became Chairman. 36 As Van Leersum’s and Lorentz’ interests coin-
cided here, Van Leersum wrote and asked Lorentz whether he would be kind en-
ough to support his own undertaking.37
Van Leersum’s letter to Lorentz was one of the first letters he wrote on behalf
of his nutrition initiative. It turned out to be an essential one. Lorentz wrote to
praise his colleague’s initiative, not just to Van Leersum himself, but also to the
responsible officials. Lorentz’ committee officially advised Prime Minister P.W.A.
Cort van der Linden on the matter, who, as Minister of Internal Affairs, was also
responsible for issues of national health. ‘Both here and abroad, experts have
emphasized for a long time,’ the committee’s report said, ‘the need to subject
this most essential and versatile matter of national health to structural study.’ 38
The committee also stressed that the type of institute Van Leersum had in mind
would be in line with international developments. It presented the Forschungsan-
stalt für Lebensmittelchemie in Munich, with its budget of almost 5 million Reichs-
mark, as an example. Similar to this institute were the Nutrition Laboratory in
Boston that the Carnegie Institution of Washington had founded as early as 1906.
As an institute for nutrition research is ‘an expression of peaceful international-
ism’, so the committee concluded, ‘the Netherlands cannot be left behind.’39
The official endorsement that the Lorentz committee had elicited, gave Van
Leersum’s institute the decisive momentum. Thanks to funding by the Ministries
of Internal and Economic Affairs and by private financiers, Van Leersum had a
starting budget of almost 200,000 guilders. In addition, he had the assurance of
continued state and municipal funding of 33,000 guilders annually, at least for
the first five years. It was Van Leersum’s strong ambition for his institute to be-
come self-sufficient, earning its income from research on behalf of industry. With
the long list of companies in trade, finance and commerce that had committed
themselves to the initiative, at least in name, the prospects looked bright.
Now the most prominent question that remained was where to start. The City
of Amsterdam had granted Van Leersum a plot of land, almost for free, to build
his institute. However, what should an institute for nutrition research and con-
sulting look like? The vitamin research that Van Leersum considered essential to
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his nutrition institute was still highly innovative in Europe and lacked established
institutions that could function as a source of best practices. The combination of
an institute specializing in vitamins and applied research as well as consulting
was even less common. Van Leersum decided that the United States was the best
place to become inspired. He resigned from his academic chair in Leiden and set
out on a trip of more than seven months across the United States, from the Au-
tumn of 1919 until the Spring of 1920.40
The United States take the lead
Van Leersum’s choice for the United States was less obvious than it appeared.
Dutch academics had traditionally focused primarily on Germany. Not only Van
Leersum and Christiaan Eijkman spent part of their academic careers there, many
of the scientists of their generation had done the same. Physicist Heike Kamer-
lingh Onnes studied in Heidelberg, biologist Hugo de Vries worked in Würzburg,
Heidelberg and Halle. Chemist Jacobus van ’t Hoff not only spent part of his
student days in Germany, but also the major part of his career. The same was
true for Dutch physicist Peter Debye.41 Whether in medicine, biology, chemistry
or physics, it was German science that had set the pace in the latter half of the
nineteenth century.
The ever-expanding American academic enterprise began to fascinate Dutch
scientists at the turn of the century. However, American science on the whole
could not live up to the reputation of the German, English or French academic
traditions.42 Illustrative of this is the correspondence of Austrian-Dutch theoreti-
cal physicist Paul Ehrenfest with his elder brother Hugo who had immigrated to
the United States in 1911. In search of an academic position, Paul asked his broth-
er, who was working as a gynaecologist in St. Louis, about the working condi-
tions at American universities. The rather discouraging answer provides a fine –
albeit highly personal – view on the reputation of American academic life:
What attracts you in the United States is the undeniable fact that ‘America is a
young, growing country’. It is growth and progress everywhere, nowhere
stagnation – this is true. However, you must remember one thing: the child is
still very young, although it grows quickly – at least physically. Mentally, it is,
relatively speaking, a bit retarded. Yes, you can make it here, but don’t forget
you have to start at the very bottom. […] When you believe you can give a
lecture here like you do in St. Petersburg, surrounded by a large crowd of
intelligent students who are eager for knowledge, you are mistaken.43
The conditions in American academia did improve quickly. After, or rather be-
cause of, World War One, the Dutch scientific focus on Germany was gradually
replaced by a fascination for the United States. This was especially the case for
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nutrition research, in which American and English scientists created the revolu-
tionary paradigm changes the discovery of vitamins brought about. Consequently,
the shift from the dogma of calories to the focus on vitamins also meant the
supremacy of Anglo-Saxon nutrition science at the expense of the former German
dominance. In the English-speaking world the vitamin theory opened up compe-
tition with the German founders of nutrition science who had shaped the per-
spective on food in Europe and the United States throughout the nineteenth cen-
tury. This was as much the case for Justus Liebig, with his one-sided focus on
proteins, as it was for Carl von Voit and Max Rubner, for whom nutrition centred
on the concept of energy.
Because of the stature of these scientific authorities, it was hard for vitamin
theory to gain a foothold in Germany during the first decades of the twentieth
century. All the more easy was its breakthrough in the English-speaking world.
Great Britain and the United States took the lead in vitamin research with physiol-
ogists and biochemists like Hopkins, Jack Drummond, Elmer McCollum and La-
fayette Mendel. These and other scientists worked on the expansion of the scien-
tific corpus of the newer knowledge of nutrition. Now American books on
nutrition research were translated into German, instead of the other way
around.44
Van Leersum realized that the prototypes for the kind of institute he had in
mind were to be found in the United States. He wanted vitamin research to be the
core of his institute’s activities. In Van Leersum’s view, it was the apparent impor-
tance of vitamins for public nutrition and public health that justified the funding
of this type of research. In addition, the new knowledge of nutrition emphasized
the significance of nutrition education that took into account the existence of
vitamins. Ideally, nutrition education would be an important task of the institute.
Therefore, he wished to explicitly name his institute a ‘vitamin laboratory’. The
then 70-year old Professor Pekelharing, who had mentored Van Leersum since
the start of his initiative, advised him against adopting this name. An institute
looking for cooperation with industry and aiming at education of the public
should not, so Pekelharing argued, carry a name that the public, to a great extent,
was still unfamiliar with.45 The institute would eventually adopt the name Nether-
lands Institute for Public Nutrition (Nederlands Instituut voor Volksvoeding, NIVV).
Pioneering vitamin researcher Lafayette Mendel had put together a travel plan
for Van Leersum, taking him to around ninety different scientific institutions,
private laboratories, organizations for public education, and nutrition companies.
After having travelled 30,000 kilometres through thirty different American states
to visit them, Van Leersum was impressed by the way American scientific research
was organized. 46 Not only did the US possess many universities and colleges that
were able to compete with the European academies, the country also housed
some very wealthy private research facilities like the Rockefeller Institute for Med-
ical Research, the Carnegie Institution for Science, and the Smithsonian Institu-
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tion. These institutions had yet to find their equals in Europe. Because private
financing of scientific research was common practice in the US, ties with industry
were not as unnatural for scientific facilities as they were in Europe. Moreover, in
a country that was industrializing so massively, with its relatively young acade-
mies, a separation between ‘pure’ and ‘applied’ science would have been artificial
and counterproductive. In the United States, Van Leersum had seen what he had
in mind for his own private institution, a natural combination of fundamental
vitamin research with opportunities for direct application through industrial con-
nections and public education.
Fig. 2 – The ‘Vitamin Laboratory’ as Van Leersum had imagined it. Architect Evert Breman
had designed the building that would never be built. Source: Stadsarchief Amsterdam
The American journey would turn out to be pivotal to Van Leersum’s initiative. ‘I
wished the Dutch government and some prominent industrial bodies would send
their promising young people here, to let them work in your laboratories.’ ‘That
would mean the tables have been turned. After all, until now we were used to
school ourselves in Europe.’47 For reasons unknown, Van Leersum chose the sty-
listic approach of an imaginary conversation with literary figure Rip van Winkle to
explain to his readers in the daily Algemeen Handelsblad why he viewed American
laboratories as a model and inspiration for the Dutch. ‘I have noticed that Ameri-
can researchers are preferably engaged in solving practical problems, of which
public nutrition profits highly.’48 Further on in the article, he railed against Dutch
– and, for that matter European – nutrition science: ‘We have locked ourselves in
our laboratories and have concentrated our attention on abstract problems.’49
Van Leersum had been given a thorough and diverse impression of state of the
art nutrition research in the United States. He had met the leading scientists of
the moment: Mendel and Thomas Osborne in Yale, Harry Steenbock – as McCol-
lum’s successor – at the University of Wisconsin, and the eminent McCollum
himself at Johns Hopkins University in Baltimore. He had been introduced to
new techniques, like calorimetry and respirometry, to study human metabolism.
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He had learned how essential animal feeding experiments were for nutrition re-
search.50 Van Leersum’s goal was to accommodate his institute-to-be in line with
his ambition to emulate American facilities, so an architect was commissioned to
design a suitable building, to be built in Amsterdam.
Conclusion: Common good versus the commercial way
However unsatisfactory it may be to conclude this way, Van Leersum’s trip across
the United States may have been the highlight of his efforts to develop private
nutrition research. Subsequent developments in establishing an institute for pub-
lic nutrition were largely frustrating for Van Leersum. The projected building, for
one thing, would never be built. Van Leersum had managed to collect funds at a
time of great national ardour at the close of the war. Private companies, the gov-
ernment, and affluent citizens alike felt committed to invest in the revival of the
Dutch economy and in the improvement of the well-being of its people. The re-
storation of an adequate food supply formed an essential part of this effort. How-
ever, times changed quickly. Confronted with budgetary deficits, the governmen-
tal agencies that were his main benefactors gradually began to reduce his funding
after 1921. Before Van Leersum had had the chance to turn his building plans into
reality, the government agencies obliged Van Leersum to first prove the viability
of his institute. In the unoccupied rooms of the biochemistry laboratory of Profes-
sor W.E. Ringer, Van Leersum tried to show that establishing an institute of his
own was justified, but he had the greatest difficulties in doing so. Yet, it is doubt-
ful that the building Van Leersum had in mind would have made much of a dif-
ference.
Above all, Van Leersum’s institute lacked a sound basis for cooperation with
industry. The institute started, in accordance with Van Leersum’s ambitions, to
specialize in vitamin research. However, at the start of the 1920s, manufacturers
of foodstuffs and pharmaceutical companies hardly showed any interest in vita-
mins. The first vitamin products did not come on the Western markets until the
second half of that decade. Van Leersum intended to assist vitamin manufacturers
in their production methods and calibration practices, or by finding new applica-
tions. Instead of vitamin producers, his main commercial partners were manufac-
tures of cod liver oil, who he assisted in calibrating and standardizing their oil’s
vitamin D levels. Beginning in 1928, Dutch companies started to make vitamin
products of their own, following the successful marketing of vitamin products
from the United States and Germany. Yet, this did not change the situation for
Van Leersum’s institute. The main two Dutch vitamin manufacturers, the phar-
maceutical companies Organon and Philips-Van Houten, set up and managed
their own R&D, instead of outsourcing it to the institute.
These companies’ disregard of the Netherlands Institute for Public Nutrition
(Nederlands Instituut voor Volksvoeding, NIVV) illustrates why the failure of Van Leer-
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sum’s initiative was more or less structural. To persuade potential sponsors, Van
Leersum had initially cited the common good and 'the need to jointly find solu-
tions for the all important questions of nutrition research and food supply'.51 Im-
mediately after the war such phrases did not fall on deaf ears, but as time passed,
competition in the market began to prevail over the common good. Van Leersum
never really learned how to cope with the commercial way of doing things. Ac-
cording to Van Leersum’s own writings, he learned, for example, how to produce
vitamin D in yeast by means of ultraviolet radiation more or less at the same time
as the Wisconsin biochemist Steenbock. Whereas the latter instantly patented his
discovery and earned a fortune by selling commercial manufacturing licenses,
Van Leersum actively tried to give his knowledge away for free to any interested
company.52 His interest in the common good began to clash more and more with
the private interests of industry. Companies like Organon and Philips-Van Houten
tried to protect their knowledge through patents instead of deploying it for the
greater good. For this reason, they simply had no interest in the NIVV.
In all, Van Leersum’s institute may not have been the best example of success-
ful cooperation between academic research and industry. The NIVV had to close
its doors in 1933 to avoid bankruptcy. Still, the initiative itself counts as a good
illustration of how far academic scientists were able to go in engaging themselves
in practical matters or in working for the ‘common good’. It shows, in any case,
how great an impact the Great War had on Dutch scientists, and in doing so it
also sheds some light on the psychological motivations for the establishment of
Lorentz’ committee. In the end, the NIVV’s demise turned out not to be as final as
Van Leersum must have feared in 1933. Although he did not live to witness it, the
institute was re-established in 1938 by B.C.P. Jansen, the biochemist mentioned
earlier. He housed it in the laboratory he headed as Professor of Biochemistry at
the University of Amsterdam. After World War Two, it merged with some other
organizations into what is now called the Voedingscentrum (Nutrition Centre) in
The Hague, which is the principal Dutch institution for nutrition education. With
thanks to the public engagement of Professor Evert Cornelis Van Leersum.
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7 Ernst Laqueur (1880-1947):
The career of an outsider1
Peter Jan Knegtmans
When Ernst Laqueur was appointed Professor of Pharmacology at the Municipal
University of Amsterdam in 1920, he did not have a specific research plan or pro-
gramme. He only had some vague ideas about looking for a cure for cancer; but,
after the discovery of insulin, in 1921, he jumped at the chance to produce insulin,
as quickly and as purely as possible. To do this he needed large amounts of pan-
creases, but first of all he needed a laboratory of his own. Until then, pharmacol-
ogy had been a part of the teaching commitment of the Professor of General
Pathology or of Internal Medicine. For these Professors, pharmacology had not
been a research topic. So in 1921, Laqueur and the City of Amsterdam entered
into negotiations about the construction of a new pharmacological laboratory.
The official who acted on behalf of the City, Dr Jacques van Oss, happened to be
a consultant to a large meatpacking factory in the little Southern Dutch town of
Oss. When Van Oss understood what kind of research Laqueur wanted to do and
what the requirements for his laboratory were, he introduced him to the owner of
this meatpacking factory, Saal van Zwanenberg. Van Oss knew that Van Zwanen-
berg was looking for ways to make his offal productive. In 1923, the three of them
founded a pharmaceutical company: Organon.2 This company was among the
first in Europe to succeed in producing insulin on a mass scale. In its first decade
it also produced coated tablets containing vitamins A and D (called Davitamon), a
remedy against pernicious anaemia (Pernaemon), and several other medications.
In addition, Laqueur and Organon tried to extract female and male hormones
from animal sex organs and the urine of pregnant women. The offal required for
this research also came from Van Zwanenberg’s meatpacking factory. In trying to
turn these hormones into medicines, they were quite successful. In 1933, it oc-
curred to Laqueur and Marius Tausk, the young general manager of Organon,
that they had managed to produce a contraceptive. However, they did not dare
embark upon the adventure of producing it commercially: they believed that
Dutch society was too conservative for a contraceptive, and they did not know
how to properly test it clinically.
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Fig. 1 – Ernst Laqueur in the 1930s. Source: Helly Oestreicher, Amsterdam
The cooperation of Laqueur, Tausk and Van Zwanenberg was a tremendous suc-
cess: Organon produced and sold insulin as a medication for diabetes at a reason-
able price. Not only did Laqueur’s shares in Organon start to pay considerable
dividends in the 1930s, on account of the increase in sales, Organon’s success
also offered him an opportunity to show his commercial and organizational ta-
lents. Many people who were on Organon’s payroll, participated in the research in
Laqueur’s laboratory at the University of Amsterdam. In the 1930s, some twenty
people were formally employed by the University; but, according to Laqueur’s
right-hand man, Janos Freud, usually seventy or more people were actually work-
ing there. Thus, the laboratory was large enough to compete in the international
race for the isolation of hormones. In 1935, Janos Freud was the first to isolate
testosterone. This was another proof of the successful way in which Laqueur
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managed his research, and it made his name in the international academic world.
He travelled to Germany, Switzerland, Austria, France, the United Kingdom, Cze-
choslovakia, Hungary, Italy, the United States and Canada and the Soviet Union,
and he was a member of many executive committees. His international reputation
opened many doors for Organon. The company had alliances with the German
company A.G. Schering and with Ciba and Hoffmann-La Roche in Switzerland; it
had branches in Germany and in the United Kingdom, a joint venture in the Uni-
ted States, and it had sales offices in many other countries.
Yet, the alliance also had a serious disadvantage. At some point, an advertise-
ment by Organon had alarmed the Board of the University of Amsterdam.3 In this
advertisement, Laqueur guaranteed the quality of Organon’s preparations and the
University Board wondered how Laqueur could do this in a laboratory that was
intended for the teaching of students? Did this mean that he used the laboratory
to do routine checks on the quality of products made by a commercial company?
Did this turn the university into an extension of this company? The Board was
only partly reassured by Laqueur’s explanation that the checks were carried out
by chemical analysts who were paid by Organon and that their work did not inter-
fere with the teaching of students. He also plainly deceived them by saying that he
did not have a vested interest in Organon.
It was not only the Board that was sceptical about Laqueur’s alliance with Or-
ganon; the university’s professors were critical too. In their view, a professor
ought to devote himself to fundamental science in a disinterested way. Applied
science was acceptable in some cases, but mainly as a personal hobby. An alliance
with a commercial company filled them with dread and distrust because they
were afraid it might affect the independence and neutrality of scientific research
and of the university. However, Laqueur was not the only professor, and certainly
not the first one in the Netherlands or in Amsterdam who cooperated with trade
and industry.4 Some acted as well-paid consultants; others accepted assignments
from commercial companies to do research on their behalf. Laqueur was the first,
though, to found a company specifically to serve his purposes. As a result of these
misgivings on the part of his academic colleagues, he felt only half-accepted by
them. For a long time, this made Laqueur feel like an outsider. He probably did
not feel fully accepted by his fellow professors until he was appointed Chancellor
of the University in 1936, despite being well-known throughout Europe and
abroad.
Being treated like an outsider had been a particularly sore point for a long time,
since the Laqueurs were Jews. Ernst Laqueur was born near Breslau in Germany
(now Wroclaw in Poland). He grew up in a Breslau family that, like so many
others, had embraced German culture but stuck to its Jewish identity. Jews in
Germany could now be doctors, lawyers or journalists, and many of them were
businessmen; but in the academic world they were still outsiders. Since the end of
the nineteenth century, German academics had almost completely closed their
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ranks to Jews. A Jew could be a Privatdozent, or maybe an underpaid Extraordinary
Professor, but he had to be a genius, and very lucky, to achieve a full professor-
ship.5 As a twenty-year old student, Laqueur had already been thinking of an aca-
demic career, and such a career would not be real without a professorship. He
knew that, in order to become a professor, he would have to convert to Christian-
ity.
Laqueur had studied medicine in Breslau and Heidelberg. His first publication
was in the field of the chemistry of proteins. It was the result of some research he
had done with his friend Otto Sackur, a promising student of chemistry. In 1905,
Laqueur received his Medical Doctorate, based on a follow-up of this research.
Though still an outsider, his magna cum laude opened a window of opportunity
in the academic world. He found a place as an unpaid Assistant in Heidelberg, at
the Institute of the famous Physiology Professor Alfred Kossel, who was hon-
oured with a Nobel Prize in 1910. To his regret, Laqueur did not get a chance to
do any experimental research here, so he moved to the Pharmacological Institute
in Heidelberg. Here, Professor Rudolf Gottlieb encouraged Laqueur to do some
serious research. It resulted in two articles for specialized journals: one on the
effect of quinine on several enzymes, and another one in which he experimentally
confirmed a theory on the disintegration of fats by enzymes in the stomach. To
this second article he later added a literature review.
In the meantime, Laqueur had married his first cousin Grete Loewenthal. To-
gether they had moved to Heidelberg where, at the beginning of 1906, their first
child was born. Soon afterwards, the small family was baptized in an Evangelical
church in Heidelberg. Now Laqueur was ready to start a serious academic career,
which happened to be in physiology. In 1906, he found a place as Second Assis-
tant in the Physiological Institute of the University of Königsberg. He had become
‘an outsider within’.6
Königsberg was not a very well-known university, but it was generally consid-
ered a good place to start. When, a year later, the opportunity presented itself to
go to the university in Halle, the Laqueurs moved. Laqueur had met the anatomy
professor, Wilhelm Roux, sometime before and had become interested in Roux’
anatomical specialization, which at that time was called Entwicklungsmechanik and
is now known as experimental embryology.7 Roux had offered him a position as
First Assistant. Given the shortage of able assistants in anatomy at the time, this
might open a direct route to a professorship for Laqueur. After only one term in
Halle, he changed his mind, though, and decided that he wanted to be a physiol-
ogist after all, so he returned to Königsberg in time for the Winter term of 1907.
In Königsberg, he was admitted as Privatdozent of physiology, in particular of che-
mical physiology, and he continued the kind of research he had started in Heidel-
berg.
In spite of his quick departure, Laqueur had left a good impression in Halle. He
had impressed upon the medical faculty the importance of chemical physiology.
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In 1910 he was called to Halle to fill a position with the prospect of becoming a
professor. In answer to this call, the family with two children moved back to
Halle. What happened next is not quite clear. Probably, the physiology professor,
Julius Bernstein, retired before Laqueur had managed to make a name for himself
in chemical physiology. At any rate, Emil Abderhalden was appointed as the new
Professor of Physiology, instead of Laqueur.8 Soon it became obvious that Abder-
halden and Laqueur were both young and ambitious, but that they did not get
along. At the end of 1911, Laqueur resigned.
It is not impossible that, before he resigned, Laqueur already knew that in Gro-
ningen in the Netherlands the Physiology Professor, Hamburger, had been look-
ing for a new assistant for some time. However, it is more likely that Otto Mag-
nus, Laqueur’s former mentor in Professor Gottlieb’s laboratory in Heidelberg
brought him to Hamburger’s attention. In 1908, Magnus had preceded Laqueur
in going to the Netherlands.9 He had become Professor of Pharmacology in
Utrecht and he probably knew Hamburger very well. In any case, within an ex-
tremely short time Laqueur was appointed Assistant in Hamburger’s institute. He
started in Groningen at the beginning of 1912. Here, he was able, for the first
time, to develop all his talents. He started a new line of research in using labora-
tory animals on a large scale for research into the metabolism of mammals.
Moreover, he proved to be a good teacher and, together with Professor Hambur-
ger, he organized the Ninth International Physiological Congress, which was held
in Groningen in 1913. The following year he was given the position of Lector.
This appointment came in the Spring of 1914. A few months later, the First
World War broke out. At that moment, the Laqueur family was enjoying a holiday
in Germany. Immediately, Laqueur reported for active service in the army. He was
stationed as military doctor in a field artillery regiment in Wolfenbüttel, near
Brunswick. Here, he served in a reserve unit until the Summer of 1916, when he
was posted to the Kaiser-Wilhelms-Akademie für das militärärztliche Bildungswesen, the
training college for military doctors in Berlin. For the second time, he owed his
post to Rudolf Magnus. Both Magnus and Laqueur worked in the Army Gas
School in Berlin, teaching officers and military doctors, and both cooperated
with the Kaiser-Wilhelm-Institut in Berlin, led by Professor Fritz Haber.10
Until then, most of Laqueur’s work had been in the field of chemical physiol-
ogy. In Berlin he switched to pharmacology. But his job there was certainly not
innocent: Fritz Haber was the man who made poison gas into a weapon of mass
destruction. Haber was assigned to supervise its industrial production and in his
institute new poison gases were developed. Together with a group of biologists,
physiologists and pharmacists in Haber’s institute, Magnus and Laqueur did ex-
perimental research into the toxicity of the poison gas phosgene. On the one
hand, this was meant to find ways to cure gas victims, but on the other hand the
work established the toxicity and the effectiveness of phosgene as a poison gas.
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Laqueur stayed in Berlin for only one year. In the Autumn of 1917, he was
posted to a military hospital in Ghent in occupied Belgium. This was only an
activity on the side, as he had also been appointed Professor of Pharmacology
and Physiology at the Flemish University in Ghent. Now, at last, he had his pro-
fessorship. Yet, it was in a university that had been established by the Germans
with the help of a small group of Flemish ‘activists’. As a German professor in
what was considered a quisling university by most Belgians, he found himself an
outsider again. During the retreat of the German armies, in 1918, Laqueur con-
tracted typhus and returned to Germany in a hospital train. In 1920, he was sen-
tenced in absentia to fifteen years hard labour in Belgium.
By then, Laqueur was on the verge of being appointed professor in Amsterdam.
This had come about thanks to Isidore Snapper, a former fellow assistant in Gro-
ningen. Snapper was now Professor of General Pathology in Amsterdam. He had
called Laqueur to Amsterdam as First Assistant in 1919. A year later, Snapper
wanted to relieve himself of part of his large teaching commitment, so in 1920
the teaching of pharmacology was assigned to Laqueur. In Amsterdam he proved
to be a successful research manager and entrepreneur, as we have seen earlier.
For Laqueur, this successful phase of his life came to an end with the outbreak
of the Second World War. Laqueur had not been oblivious to the threat of Na-
zism. In 1933 he had established – together with Professors Paul Scholten and
Herman Frijda – a fund to help Jewish and intellectual refugees from Germany,
and later from Austria. One of the main sponsors of this fund was Organon.
Many refugees received small amounts of money to travel; others, who stayed in
the Netherlands, were assisted financially or with more or less suitable work.
Several of these refugees found a place in Laqueur’s laboratory in Amsterdam, or
in Organon’s laboratory in Oss and some even stayed on during the war.
In 1938, Laqueur’s daughter Gerda and her husband Felix Oestreicher fled to
the Netherlands from Carlsbad (Karlovy Vary) in the Sudeten part of Czechoslova-
kia, where they lived. When the Nazi threat grew stronger, Laqueur sent his eldest
son to Argentina to manage Organon’s sales office in Buenos Aires. Both Orga-
non and Laqueur had also transferred part of their assets to the United Kingdom
and the United States; but, for some reason, Laqueur decided to stay in the Neth-
erlands.
After the occupation of Netherlands in May 1940, the ‘Jewish’ company Orga-
non was placed in trust with an agent of the German pharmaceutical company
A.G. Schering. Schering wanted to buy Organon in a proper way, in order to gain
control of its subsidiary companies and its patents in Great Britain and the United
States. Since Organon’s largest shareholder Van Zwanenberg had escaped The
Netherlands in time, Schering had to make do with Laqueur’s share of 15 per
cent. Laqueur was prepared to sell his shares, in exchange for a visa for him and
his family to leave Europe, but the negotiations over this deal did not lead to any-
thing. In the meantime, his position weakened. Altough he had become a Dutch
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subject in 1932, Dutchmen saw him as a German, while to the Germans he was a
Jew, an outlaw. He must have paid vast sums to provide his youngest son Hein
with false papers that gave him the status of a ‘half-Jew’, to buy ‘safe’ identity
cards for the rest of his family, to be exempted from the obligation to wear a
yellow star, and to get his daughters Gerda and Renate and their husbands and
children, who had ended up in Bergen-Belsen, out to Palestine. His daughter Ger-
da and her husband died in June 1945 before they were able to return home from
Germany.
Fig. 2 – Laqueur’s forged identity card in the name of Ernst Langner, chemist, born in Berlin.
Source: courtesy of Helly Oestreicher
At the end of the war, Laqueur’s reputation in the Allied countries had not faded.
On 8 May 1945, even before the main Canadian forces had reached Amsterdam,
the Laqueurs found an English major on their doorstep. He had been commis-
sioned by the Allied Headquarters to find Laqueur and the Physiology Professor
B.C.P. Jansen, who was famous for his research into vitamins, and to take posses-
sion of their laboratories in order to protect them against theft. But Laqueur was
mentally and physically a broken man. On a business trip to Argentina, he fell
seriously ill and had to remain in hospital for a long time. After his recovery, he
travelled on to the United States. However, he was not able to resume his research
and his position at Organon as he had done before the war. Worse still, the once
close bond with Van Zwanenberg ended in a rift. This may have happened be-
cause Van Zwanenberg no longer trusted Laqueur after he had heard of Laqueur’s
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deal with the Germans to obtain visa to leave Europe, or because he did not want
a German on the Board of Organon after the war. Laqueur died during a vacation
to Switzerland in the Summer of 1947.
Thus, Laqueur ended his life in the same state as it had started: as an outsider.
Thanks to his enormous ambition he had negotiated many obstacles in embark-
ing on an eventually successful career. Nevertheless, his life was marked by the
European drama of the twentieth century with its two world wars and its massive
wave of anti-Semitism.
Notes
1. This article is based on my biography of Laqueur, which will be published (in Dutch)
in the Autumn of 2014. For this biography I explored the Laqueur Family Collection in
the Leo Baeck Institute in New York City, and the collections of Laqueur’s great-
grandson, J.P. Laqueur (Somers, NY); his granddaughter, Irene Cramer (Newton, MA)
and his grandson, David Cramer (Penn Valley, PA) in the USA; the Oestreicher Family
Archive in the Amsterdam City Archive; the University Archives in Wroclaw (Poland);
Heidelberg and Halle (Germany); Ghent (Belgium); Groningen and Amsterdam (the
Netherlands); the NIOD Institute for War, Holocaust and Genocide Studies in
Amsterdam; the Historical Company Archive of Organon (now part of MSD Oss) in
Oss (the Netherlands), and several other archives.
2. For the history of the company, see: Tausk (1984) and Verhoog (1998).
3. For the history of the University of Amsterdam, see: Knegtmans (1998), particularly
pp. 162-169 and 200-219.
4. For a survey, see: Huijnen (2007).
5. Volkov (1990).
6. This concept of the outsider-within was originally developed by Patricia Hill Collins to
indicate the position of African Americans in the United States.
7. On Roux: Hedwig (1952).
8. On Abderhalden: Kaasch (1995).
9. For Magnus, see: Magnus (2002).
10. Szöllösi-Janze (1998).
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8 Much ado about cold: Leiden’s
resistance to the International
Temperature Scale of 1927
Dirk van Delft
On 4 October 1927, the 7th Conférence Générale des Poids et Mesures (7th General Con-
ference on Weights and Measures), gathered in Sèvres, just outside Paris, imple-
mented the International Temperature Scale. Prior to this decision, prolonged
discussions regarding low-temperature research had taken place between the na-
tional calibration laboratories of the United States, the United Kingdom and Ger-
many, the Bureau International des Poids et Mesures (International Bureau on Weights
and Measures) in Sèvres and the Cryogenics Laboratory in Leiden. The research
laboratories had diverse interests since they used different temperature scales
with their associated problems, while at the calibration laboratories there was a
strong desire for practical and simple thermometers that could be read quickly.
The calibration institutes, which had already called for an accurate, usable tem-
perature scale before the First World War, had insisted upon the replacement of
the scale that was introduced in 1887 and they were satisfied with the agreement.
The platinum resistance thermometer was the basis for the new scale for the re-
gion between -190 and 600 °C, a thermocouple determined temperatures between
600 and 1063 °C (the melting point of gold), and for still higher temperatures an
optical pyrometer determined temperatures on the basis of radiation laws. An
important reason for introducing a new scale was the failure at high temperatures
of the gas thermometer, a fundamental instrument of the old temperature scale.
Industry presented a strong case for improvements.
In Leiden, the Cryogenics Laboratory was specialized in extremely low tempera-
tures and from that point of view the new scale was open to criticism. The Direc-
tor of the laboratory, Willem Hendrik Keesom, was loud and clear about this. In
the Comptes Rendus of the 7th Conférence Générale (Proceedings of the 7th Gener-
al Conference) the text on the International Temperature Scale, including specifi-
cations and procedures, was immediately followed by a somewhat grumpy com-
mentary in which the Director of the Cryogenics Laboratory objected to the new
scale on a number of technical points. This addition to the official text is striking:
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in 1927 the Netherlands was not yet a member of the Metre Convention – quite a
separate story – and was therefore notably absent in Paris. What was going on
here? How did this exceptional opportunity arise for Leiden to air criticism?
Several authors1 have described the history of thermometry. However, the long
and difficult path to the International Temperature Scale of 1927 is an episode
from the history of metrology that science historians have, until now, only ex-
plained in a fragmentary or cursory manner. Most of the work so far has been
done by employees of the Bureau des Poids et Mesures. J.A. Hall, for example,
who began to work at the National Physical Laboratory (the British calibration
institute) in 1923, but who was later employed by the Bureau des Poids et Mesures
in Sèvres, published several articles in the 1960s detailing the early history of
practical international temperature scales.2 More recently, in 2006, Terry Quinn,
a former Director of the Bureau des Poids et Mesures, published a concise histori-
cal overview of thermometry in the broader context of an extensive book review.3
This chapter is an attempt to bridge the observed gaps in knowledge by placing
in a broader context the developments that occurred internationally in the area of
thermometry between 1880 and 1930. Particular attention is given to aspects of
the low temperature region, for which good use was made of the Keesom Ar-
chive, which is largely housed in Museum Boerhaave in Leiden.
The most striking aspect of the developments leading up to the International
Temperature Scale of 1927 is the long period that elapsed between the emergence
of the platinum resistance thermometer as the basis for a temperature scale, in
1886, and the official establishment of such a scale in 1927. Why did it take forty
years? This is all the more striking since, at the same time, long-term metrologi-
cal cooperation developed between the United Kingdom, Germany, the United
States and France and quite soon after the First World War the parties were al-
ready once again debating metrological issues. Another question that merits
further study is the tension in the first quarter of the twentieth century between
the increasingly strong, industrially focused national calibration institutes, led by
the American Bureau of Standards, and a laboratory for fundamental research
such as the Cryogenics Laboratory in Leiden. What fundamental objections were
raised in Leiden? Did the calibration institutes still have an eye for science? Did
Leiden’s criticism of the International Temperature Scale make its mark? Why
was the scale introduced provisionally in 1927? And were there possibilities for
reconciliation with Leiden?
The international hydrogen scale
The first international temperature scale was the ‘normal hydrogen scale’, intro-
duced at the Conférence Générale des Poids et Mesures of 1889 after thorough
preparatory experimental work by Pierre Chappuis of the Bureau International
des Poids et Mesures. Ten years earlier, in Paris, nineteen countries had signed
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the Metre Convention, a series of agreements about units such as the standard
metre and the standard kilogram. The Netherlands was not one of the signa-
tories.4 A direct outcome of the Convention was the establishment of the Bureau
International des Poids et Mesures, housed in the Pavillon de Breteuil in Sèvres.
The Bureau International des Poids et Mesures opened its doors in 1884 and car-
ried out high-quality metrological research. It was supervised by the Comité Inter-
national des Poids et Mesures, which met yearly and whose members were drawn
from representatives of the member states of the Metre Convention. One of the
first tasks of the Bureau International des Poids et Mesures was the production of
an international standard metre, as well as copies for the affiliated member states.
Calibrated accurate thermometers were needed to monitor the constant tempera-
ture of the metres. These calibrations needed to be performed by using one and
the same gas thermometer – for which hydrogen was chosen – after which the
participating countries would receive their national standard metre with its cali-
brated mercury thermometer.
At the Bureau International des Poids et Mesures, Pierre Chappuis was respon-
sible for this wide ranging and meticulous task.5 He calibrated the verre dur (hard
glass) high-precision mercury thermometers – produced by the Paris instrument
maker Tonnelot – against a constant-volume gas thermometer with a one-litre
tubular reservoir made of platinum-iridium, 1.10 metres in length and with an
outer diameter of 3.6 cm. This gas thermometer was filled first with nitrogen,
then with carbon dioxide, and finally with hydrogen. These measurement series
resulted in the so-called ‘normal hydrogen scale’ with melting ice (0 °C) and boil-
ing water (100 °C) as its two fixed points.6 The range remained limited to the
interval between -24 and 100 °C and the reproducibility was 0.01 °C. The normal
hydrogen scale gave rise to corrections to the Tonnelot mercury thermometers up
to a maximum of 0.11 °C at 50 °C. On 15 October 1887 the normal hydrogen scale
was adopted as the first international temperature scale at the annual meeting of
the Comité International in Sèvres, and two years later it was officially implemen-
ted at the 1st Conference Internationale des Poids et Mesures.
After the departure of Chappuis in 1902, Charles-Édouard Guillaume became
Deputy Director of the Bureau International des Poids et Mesures and in 1915 he
was appointed Director.
Resistance thermometers
The gas thermometer is an accurate and reliable – though laborious – instrument
if it is used correctly. Its use has certain disadvantages, though, particularly at
high temperatures. Above 500 °C, the expansion of the reservoir creates problems
and the purity of the gas that is used also suffers under these conditions. For this
reason, alternatives were welcome. One of these alternatives is the resistance ther-
mometer, which makes use of the fact that in metals the electrical resistance is
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dependent on temperature. This effect that had already been discovered in 1821 by
Humphrey Davy, who was, at the time, the Director of the Royal Institution in
London. Wilhelm (William) Siemens, who had moved to London as a boy of nine-
teen and had made a considerable name for himself in the field of electrical en-
gineering – transatlantic cables for telegraphy – subsequently launched the idea
for a resistance thermometer in 1861. In a letter to John Tyndall, entitled ‘On a
New Resistance Thermometer’ published in the Philosophical Magazine, Siemens
describes how he had best resort ‘to an instrument based upon the well-ascer-
tained fact that the conductivity of copper wire increases in a simple ratio inver-
sely with its temperature’.7 Siemens had thought of a rod, around which a copper
wire was coiled, connected to a battery in series with a galvanometer. He returned
to this idea in 1871, in his Bakerian Lecture for the Royal Society, where he pre-
sented the case for the platinum thermometer.8 Siemens stated that the advan-
tages of this thermometer were its wide temperature range and the possibility to
accurately determine temperatures in difficult locations, such as ovens, which un-
til that time had in effect remained out of reach.
The British Association Scale
It was not until 1885, two years after Siemens’ death, that the platinum thermo-
meter came on the scene again. Hugh Longbourne Callendar, who had just
started as a student at the Cavendish Laboratory in Cambridge, was given the
temperature dependence of platinum as a research project by his Director J.J.
Thomson. The experimentally gifted Callendar enthusiastically went to work and
concluded that there was nothing wrong with the principle of the platinum ther-
mometer, although its experimental realization required considerable accuracy.
In particular, the presence of contaminants in the metal and mechanical forces
on the wire quickly put a spanner in the works. In June 1886, Callendar presented
his findings at a meeting of the Royal Society, and a year later he published an
extensive article – which was also his dissertation – in the Transactions.9 In this
publication, he presented a case for the platinum thermometer as an international
standard for temperatures up to 1200 °C, or even higher. In the opening sentence
of his paper Callendar comes straight to the point: ‘In view of the enormous dis-
crepancies at present in estimates of high temperatures, it is exceedingly desirable
that strictly comparable thermometric standards should be issued by some recog-
nized authority’.
In 1899, as a member of the Electrical Standards Committee of the British As-
sociation, Callendar wrote a proposal for a new temperature scale based on the
platinum thermometer. The document, which was circulated in advance, was dis-
cussed at the annual meeting in Dover.10 After an explanation by Callendar about
the ‘British Association Scale’, as he had named his standard, the discussion was
initiated by J.A. Harker of Kew Observatory, who had recently been appointed as
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assistant at the National Physical Laboratory that had opened its doors in 1900,
and Pierre Chappuis the man of the normal hydrogen scale of the Bureau Interna-
tional des Poids et Mesures. Harker and Chappuis had compared the platinum
resistance thermometer with the hydrogen gas thermometer of the Bureau Inter-
national des Poids et Mesures and had found no difference in its temperature
readings within the set limits of accuracy. They had also shown that a platinum
thermometer could be repeatedly heated to 1000 °C over a period of three months
without the resistance showing any noticeable deviation.11
Callendar considered the platinum thermometer to be a superb replacement of
a gas thermometer, as its resistance can be accurately measured and is quadrati-
cally dependent on the temperature. Any possible slight difference with Kelvin’s
theoretical thermodynamic scale could always be dealt with in the future by
means of corrections. Callendar stated that for platinum it was desirable to
choose a certain type of wire of very high purity, coiled around a mica plate. As a
third calibration point, in addition to melting ice and boiling water, he proposed
the boiling point of sulphur, for which he had measured a temperature of
444.53 °C.12 The Electrical Standards Committee of the British Association con-
sidered Callendar’s proposal in the spring of 1900. The outcome of that delibera-
tion was that Callendar was commissioned to produce a series of platinum ther-
mometers for the new standard.
National calibration institutes
During the last decades of the nineteenth Century – a time of rapid internationali-
zation of science and technology and increasing ties between scientific research
and industrial enterprise – the need for standardization became urgent.13 Under
the influence of a growing demand by industry and government for reliable units
and well-calibrated instruments, Germany, the United Kingdom and United
States decided to set up national calibration institutes at the end of the nineteenth
century. Although the focus was on practical applications, there was – certainly in
the early days – clearly room for fundamental research. In 1887, three years after
the opening of the Bureau International des Poids et Mesures in Sèvres, the Ger-
mans start the ball rolling with their Physikalisch-Technische Reichsanstalt (Physical
Technical Imperial Institute) in the Berlin suburb of Charlottenburg. The found-
ing fathers were Werner von Siemens, who had made his name in the electrical
engineering industry, and Hermann von Helmholtz, a physicist at the University
of Berlin and the first director of the Physikalisch-Technische Reichsanstalt. They
clearly also wanted to use the new institute for ‘pure research’.14 In 1899, the
British founded their National Physical Laboratory, which opened its doors in
Teddington in 1902.15 Finally, the American National Bureau of Standards was
founded in 1901 and was set up in Washington.16 Most of the research into the
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applicability of the platinum thermometer took place in Charlottenburg, so it was
the Physikalisch-Technische Reichsanstalt that took the lead in 1911.
The cryogenics laboratory of Heike Kamerlingh Onnes
Heike Kamerlingh Onnes, the first Director of the Leiden Physical Laboratory,
together with his successor Keesom and Guillaume from the Bureau International
des Poids et Mesures, led the camp of the ‘objectors’ in the period preceding the
establishment of the International Temperature scale of 1927. Kamerlingh Onnes,
appointed in Leiden in 1882, had set himself the ambitious goal of subjecting the
molecular theories of his compatriot J.D. van der Waals to accurate experimental
tests.17 As substances with a simple atomic structure only become liquid at ex-
tremely low temperatures, Kamerlingh Onnes felt the need to build a cryogenics
laboratory in Leiden. He became the first person to produce liquid helium at four
degrees from absolute zero, in 1908. In 1925, Walther Meissner from the Physika-
lisch-Technische Reichsanstalt also managed to ‘conquer’ the ‘last of the perma-
nent gases’, and in 1931, the Bureau of Standards became the first institution in
the United States to produce liquid helium.
Thermometry received considerable attention in Leiden: the goal was to reach
an accuracy of 0.01 °C. In his in-house journal Communications from the Physical
Laboratory at the University of Leiden, Kamerlingh Onnes published a series of 32
articles under the collective title ‘On the measurement of very low temperatures’
between 1896 and 1925. Article number 1 in the series was published in 1896 and
discussed the two hydrogen gas thermometers that were built in Leiden.18 The
necessary corrections included the shrinkage of the glass upon cooling.19 In prac-
tice, hydrogen and helium gas were not ideal for the purpose. Extra corrections
were required, which were dictated by the position of the hydrogen and helium
isotherms.
Meanwhile in Leiden considerable expertise had been developed with thermo-
meters constructed from metal wire. The first results date from 1902, when
B. Meilink tested a platinum thermometer for continuity.20 In a subsequent pub-
lication, Meilink established that, down to -180 °C, Callendar’s measuring points
could be captured with a second degree function of the resistance against the
temperature, but the accuracy then remained limited to 0.2 °C.21 According to
Meilink, an accuracy of 0.05 °C required six, and not three, fixed calibration
points. In the period 1906-1908 Jacob Clay and Kamerlingh Onnes extended the
measurements on gold and platinum down to the liquid hydrogen range. They
also tested other metals and alloys for theoretical reasons.22 The only problem
with platinum or gold thermometers was their sensitivity to contaminants. The
necessary wires were drawn by Heraeus from Hanau and eventually it transpired
that this German instrument company introduced contaminants into the metal
while producing the wires.
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Association Internationale du Froid
The final actor in this international thermometry story was the Association Inter-
nationale du Froid.23 It was founded in Paris on 25 January 1909, in the presence
of delegates from 35 countries. Kamerlingh Onnes was elected to the Central
Committee and also became chair of the ‘First Committee’, which would concern
itself with scientific matters. One of the first problems that the First Committee
considered was the lack of uniformity of units in the cold industry. Guillaume, the
driving force behind the report, and Kamerlingh Onnes called for cold technology
on the basis of thermodynamics. They called upon the industry to make sure that
cold technology did not become isolated from its scientific roots.24
Initiative for a new temperature scale
When, in November 1911, President Emil Warburg of the Physikalisch-Technische
Reichsanstalt wrote to his colleagues, Richard Glazebrook of the British National
Physical Laboratory, Samuel Stratton of the American Bureau of Standards, and
Charles-Édouard Guillaume of the Bureau International du Poids et Mesures, to
reach an agreement about a new temperature scale. Twelve years had passed
since Hugh Callendar’s 1899 proposal for a British Association Scale on the basis
of the platinum thermometer. Nobody disputed the fact that the only correct scale
was Kelvin’s absolute temperature scale. However, the question was how that
thermodynamic scale, in which the melting point of water was set at
0 °C and the boiling point of water at 100 °C, could best be approached in prac-
tice: by means of the gas thermometer or the platinum thermometer? Later it
transpired that there were fundamental differences of opinion about this issue
and that the three calibration institutes favoured the resistance thermometer,
whereas the Bureau International des Poids et Mesures, the Association Interna-
tionale du Froid and Leiden preferred the gas thermometer.
There was an overwhelming need for a new temperature scale. The normal
hydrogen scale of 1887, with its link to mercury thermometers, was only valid
from -24 to 100 °C, and industry in particular was desperate for a temperature
scale that could also adequately measure the higher and lower temperature
ranges. Only then would the measured value of the boiling point of liquid oxygen
or the melting point of gold in the United States not differ from that in France or
the Netherlands. The conditions for an international initiative were favourable.
The contacts between the national calibration institutes were good, the interests
ran parallel, for the most part, and the cooperation was fruitful.25 The problem
lay in the mixing of fundamental scientific with technical-industrial interests,
which had won considerable ground since the founding of the calibration insti-
tutes. Within the calibration institutes, this shift in emphasis also played a role. In
the early years of the twentieth century, the academic departments of these insti-
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tutions – which had been established at their founding – came under consider-
able pressure, as a result of the increasing number of practical commissions the
staff had to deal with. For that reason, a pragmatic view was expedient under the
circumstances.
The dissatisfaction with the situation is strikingly apparent in an internal mem-
orandum from the Bureau of Standards of February 1911, written by researcher
George K. Burgess to his Director, Samuel Stratton.
The desirability of inaugurating international agreement and co-operation in
establishing and maintaining a well-defined, sufficiently exact, reproducible
and common temperature scale and other thermal constants, merits the
systematic attention of the several national standardizing laboratories. Such
agreement among the several countries as now exists as to thermal scales and
constants is largely accidental and haphazard, and the resulting condition of
affairs in certain realms of the domain of heat is far from satisfactory.26
Similar feelings were prevalent elsewhere and in November of that same year, the
Physikalisch-Technische Reichsanstalt took the initiative Burgess had hoped for.
In his letter, Warburg proposed the selection of Kelvin’s thermodynamic scale as
the fundamental temperature scale. He noted that the differences in the range of
0 to 100 °C fell within the measurement errors for the normal hydrogen scale and
were therefore not a point of concern. Warburg suggested establishing a scale for
the broader range of 0 to 450 °C, by means of a platinum thermometer in combi-
nation with a series of fixed calibration points and further a formula for interpola-
tion – exactly as Callendar had previously proposed in 1899.27 The idea fell on
fertile ground at the Bureau of Standards and the National Physical Laboratory,
while the Americans came with additional ideas and with proposals for specifica-
tions of the platinum wire in March 1913.28 The platinum thermometer, accord-
ing to Burgess, was ‘the most satisfactory secondary standard for the calibration
of all other types of thermometers between -200 and +1100 °C. In fact, if the
International Bureau were destroyed and all the existing copies of its thermo-
meter standards as well, the international scale would be perpetuated with entire
satisfaction by means of the platinum thermometer which may be constructed
and calibrated independently anywhere it may be desired.’ He further commented
that ‘Both at low temperatures and high, there have been almost as many scales
as observers, and some of the outstanding differences were relatively very large.’
Upon reading this last comment, Charles-Édouard Guillaume – who became Dep-
uty Director of the Bureau International des Poids et Mesures after Chappuis’
departure in 1902 and later (in 1915) its Director – probably raised his eyebrows.
The amendments to the Physikalisch-Technische Reichsanstalt initiative pro-
posed by the Americans included the extension of the platinum scale to -100 °C
on the cold side and to +1100 °C on the hot side. Above that temperature, radia-
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tion methods (optical pyrometers) would have to take over, by means of which the
melting point of gold would be set as the calibration point at 1063 °C. After con-
sultations with the calibration laboratories in London and the Cryogenics Labora-
tory in Leiden with respect to the cold side of the scale, the Reichsanstalt came up
with a modified proposal in April 1913. It covered the range from 0 to 1100 °C,
keeping what fell outside that range for a later consultation and leaving the meth-
od of interpolation between the jointly agreed series of fixed calibration points
and the choice of the formulas to be applied up to the individual laboratories: a
weak position from an international standpoint.29 For the values of the calibra-
tion points, an international mean was chosen, based on the most accurate deter-
minations.
The next step was a meeting between the directors of the three calibration la-
boratories planned for 25 September 1914 in Berlin. That meeting did not take
place because of the outbreak of the First World War, but in preparation for it the
Bureau of Standards proposed to limit the platinum thermometer to a range be-
tween -38.88 °C (the freezing point of mercury) and 444.5 °C (the boiling point of
sulphur), and to slightly relax the requirements for the purity of the platinum
wire.30 The proposal also contained a new series of calibration points, from the
boiling point of oxygen to the melting point of copper.
The attitude of the Bureau
How did the Bureau International du Poids et Mesures respond to Emile War-
burg’s letter? The contact person in Sèvres was Deputy Director Guillaume. In the
period preceding the 5th Conférence Générale, in October 1913, he produced a
progress report entitled Les récents progrès du système métrique31 (Recent progress in
the metric system). Guillaume observed that there was still no adequate solution
for the area of thermometry. First an agreement should be reached about an un-
equivocal correction table to convert the various types of gas thermometers to the
absolute scale. According to Guillaume, the majority of the physicists who had
worked with the platinum thermometer recognized that the melting point of ice
and the boiling point of water, together with the boiling point of sulphur, com-
pleted the formula required for temperature determinations. However, for very
low temperatures another formula was needed. The platinum thermometer could
certainly be interesting for the future but, for the time being, efforts should be
devoted to improving gas thermometers, especially the helium thermometer.
In the proceedings of the Conférence Générale Guillaume made two recom-
mendations. The first one was for research into the various gas thermometers
and their conversion to the absolute scale. The second was an international part-
nership for setting up a series of calibration points, spread across the entire ex-
perimentally accessible range of the temperature scale. At the initiative of Strat-
ton, the Director of the American Bureau of Standards, who was one of the
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delegates, the meeting in Paris accepted a resolution to set a series of calibration
points. The Bureau International des Poids et Mesures was commissioned to or-
ganize an international meeting with the Directors of the national laboratories in
the near future.32 The results of this conference, to be held in Sèvres, would be
discussed at the meeting of the Comité International in November 1914. However,
things never got that far: the First World War put a temporary hold on things.
Leiden and the Association
Within the Association Internationale du Froid there were also discussions about
the temperature scale. At the 3rd International Cold Congress, held in the autumn
of 1913 in Washington and Chicago, the First Committee presented a preliminary
study (avant-projet) about low-temperature thermometry, which gave the gas ther-
mometer centre stage. An excerpt of the report appeared in the Travaux et Mémoires
(Studies and Memoirs) of the Bureau International des Poids et Mesures.33 Ac-
cording to this report, the fundamental starting point of science and industry was
Kelvin’s thermodynamic scale, which was based on the ideal Carnot cycle. Pre-
viously, Guillaume had called for this scale to be used in an Association report
about cold units. Kamerlingh Onnes, the Director of the Leiden Cryogenic La-
boratory, and Guillaume, the prospective Director of the BIPM, maintained close
contact via the Association and with respect to thermometry they were of one
mind.
The report gave a detailed resume of the use of the gas thermometer and stated
that helium was the best choice at low temperatures. Much attention was given to
corrections on the gas thermometer. At the end of the report, which mainly de-
scribed the situation in Leiden, the fixed calibration points and the platinum ther-
mometer were also considered. Regarding the formula of the platinum thermo-
meter for the low-temperature area, Kamerlingh Onnes noted that this was
‘complex’ and that a simple polynomial did not provide the required accuracy.
According to him, resistance thermometers deserved full attention but then with-
in the context of accurately determining the size of the corrections on the gas
thermometer.
The war and the postwar years
The outbreak of the First World War put a stop to all international consultations
and long after the Versailles Treaty (1919) official meetings in the presence of
Germans were still very sensitive. For the International Temperature Scale, the
war was an annoying break: the hostilities started little more than a month before
the decisive conference in Sèvres. In practice, the Bureau of Standards, the Na-
tional Physical Laboratory and the Physikalisch-Technische Reichsanstalt imple-
mented the latest proposal of the Americans in anticipation of better times: a
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platinum thermometer for the region between -40 and 450 °C, and, above that,
calibration points up to the freezing point of copper (1083 °C) in combination
with some form of interpolation.34 The Germans were the first to implement a
temperature scale based on these new ideas. In December 1915, its Director War-
burg officially announced that the Physikalisch-Technische Reichanstalt would
switch to a new temperature scale for its calibrations.
After Versailles, the Germans were no longer permitted to take the lead and the
Bureau of Standards took on the final leading role. During the second postwar
meeting of the Comité International, in October 1921, Stratton returned to the
resolutions adopted in 1913, including the call by Guillaume and his Bureau Inter-
national des Poids et Mesures for the organization of an international thermome-
try conference. The Comité commissioned the Bureau to contact the national in-
stitutes. However, Guillaume did not make much progress with the
coordination,35 so the Americans took the initiative themselves. At the end of
September 1923, Hobert C. Dickinson, who had just been appointed as Head of
the Heat and Power Department of the Bureau of Standards, came to Europe for
consultations with all parties concerned. The endgame of the development of the
International Temperature Scale had begun.
Dickinson started his tour in Leiden. Kamerlingh Onnes established immedi-
ately that research in that area fell under the auspices of the First Committee of
the Association Internationale du Froid (International Association on Cold).36 The
gentlemen discussed the fine details of gas thermometry in relation to the ther-
modynamic scale, after which Dickinson brought up the subject of platinum ther-
mometers. According to the American, these ‘could be used with greater accuracy
than gas thermometers’ and gave results that were ‘far more easily reproduced’,
whereas only a few calibration points were needed.
Dickinson then made a brief visit to the Physikalisch-Technische Reichsanstalt
for a meeting with Director Walther Nernst – who had succeeded Emil Warburg
in 1922 – and with Friedrich Henning, one of the most important researchers
within the Physikalisch-Technische Reichsanstalt in the area of thermometry. At
the meeting they discussed a new proposal for the international temperature
scale. The following division was agreed upon:
I. From -38.88 to 650 °C: based on the platinum thermometer with the
Callendar formula, calibrated using the melting point of ice, the boiling point
of water and the boiling point of sulphur (444.60 °C was taken as the value).
II. From 650 to 1100 °C: based on a platinum/platinum-rhodium thermo-
couple, calibrated by using the melting points of zinc, antimony, silver and
gold.
III. Above 1100° C: radiometric basis using Wien’s Law. The starting point was
the brightness of black bodies at the melting point of gold. The brightness
was measured by using an optical pyrometer.37
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The only remaining region was the one below -40 °C. On 28 September, Dickin-
son was back in Leiden. He agreed with Kamerlingh Onnes to hold a small inter-
national conference in Leiden, starting on 5 October, about how to cover the low
temperature scale, to which Henning would also be invited.38 Guillaume agreed
to the American-Dutch proposal and, in his role as coordinator, he promised
Dickinson that he would contact the calibration institutes. The mini-conference
in Leiden mainly discussed the use of the platinum thermometer. Henning and
Kamerlingh Onnes doubted whether a limited number of calibration points, as
proposed by Dickinson, would be sufficient.39
Fig.1 – Kamerlingh Onnes, sitting in the middle, and Keesom next to him on the right in the
Leiden laboratory. Source: Leiden Institute of Physics
Meanwhile, Leiden and the Physikalisch-Technische Reichsanstalt were using dif-
ferent temperature scales. In 1914, at a time when Nernst and his staff in Berlin
were acclaimed for their groundbreaking specific heat measurements, Keesom –
who had been trumped by Berlin – contested the accuracy of the platinum ther-
mometer used by the Germans.40 Nernst tersely rejected this claim,41 but the ob-
servation in Leiden that the Leiden and Berlin scales differed by 0.06 degrees at a
temperature of about -50 °C, whereas the accuracy of the Leiden platinum ther-
mometer was at least 0.02 degrees, did of course require further investigation.
Such further investigation did indeed confirm the correctness of the Leiden scale.
Kamerlingh Onnes did not want to put relations with Germany under pressure, so
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he did not officially publish the difference with the results of the Physikalisch-
Technische Reichsanstalt.42
Two questions from Guillaume
At the end of 1923, Guillaume finally put some energy into the coordinating task
he had been assigned two years earlier by the Comité International. He sent a
letter to the four institutes that were directly involved in the temperature scale:
the Bureau of Standards, the Physikalisch-Technische Reichsanstalt, the National
Physical Laboratory and the Cryogenics Laboratory in Leiden. According to Guil-
laume, the time was not yet ripe for an international thermometry conference.
Meanwhile, he had two questions. First, ‘What are the most reliable data we have
available that we can use to derive the absolute scale from the scale related to the
rarefied, real gases?’ and second, ‘Which calibration points, determined very pre-
cisely, and ranging from the lowest achievable temperatures to the very highest,
can serve as thermometric beacons?’43
The first submission came from the Bureau of Standards. On 26 April 1924, its
Director, Burgess, sent a new specification for an international temperature scale,
following the American proposal of 1914 and incorporating the results of the
meeting between Dickinson and Henning. According to Burgess, the experimen-
tal evidence that served as the basis for the International Scale was overwhelm-
ing.44 A new aspect was the range between -195 and -40 °C. A platinum thermo-
meter was used for this purpose, calibrated at the boiling point of oxygen, the
sublimation point of carbon dioxide, the freezing point of mercury and the melt-
ing point of ice. The selected formula was R = R0 (1 + at + bt² +ct
4), which was
identical to the proposal that Henning and Heuse had published in 1924 as a
communication from the Physikalisch-Technische Reichsanstalt.45
One month later, Burgess sent some additional comments regarding his pro-
posal.46 He also proposed an amendment for the low temperature range. It now
covered –195 tot 0 °C, so the sublimation point of carbon dioxide and the freezing
point of mercury as primary calibration points were dropped. The Henning and
Heuse’s interpolation formula, which was apparently difficult to use, was ex-
changed for a new formula that was just as accurate and was, in effect, the Cal-
lendar formula with an extra term.47
The second response to Guillaume’s questions came from the National Physi-
cal Laboratory in Teddington. Joseph Petavel, who had succeeded Glazebrook as
Director in 1919, had little to add to the American proposal.48 The Physikalisch-
Technische Reichsanstalt submitted its proposal at the end of July 1924.49 Com-
pared to the proposals from the Bureau of Standards the interpolation formulas
took the form of a simple polynomial. An important aspect for the future discus-
sion was the German value for the boiling point of oxygen: -183.00° C, which was
too low, according to Leiden.
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Meanwhile, Keesom had informed Guillaume that the Leiden submission had
temporarily been put on hold due to high work pressure and also because the
contribution would be discussed with Dickinson and Henning before it was sent
to Sèvres. However, Keesom did not consider the platinum thermometer ‘suitable
as a fundamental scale in any case’.50 The feeling of dissatisfaction in Leiden was
fuelled by Burgess’s observation that the differences between the proposals by the
three calibration institutes were so insignificant that the remaining differences
could also be easily resolved by correspondence, thus making an international
conference unnecessary.51 Guillaume sent a letter to Washington in which he
noted that before any further steps could be taken, the exact relationship between
the gas thermometer and the thermodynamic scale should be made clear. This
was a matter of waiting for the report from Leiden, which was to arrive shortly.52
Burgess wanted to push ahead and was not interested in any further delays.
The adoption of an International Scale had, in his view, the objective of unifying
and stabilizing the art of temperature measurement.
The national standardizing laboratories are daily confronted with the necessity
of standardizing temperatures measuring instruments, and the establishment
of a uniform and stable basis of reference is a matter of great and immediate
concern. […] The propositions submitted by the Reichsanstalt and the Bureau
of Standards contemplate standardizing the best representation of the
thermodynamic scale now available. […] Agreement upon the essential
features of such a scale had practically been reached in 1914, and the general
agreement now existing in the views of the several laboratories, as to the
values to be assigned to the temperatures of the fixed points and the
instruments and formulas to be used for interpolation, would indicate that no
amount of further study of existing data could lead to important modifications
in the conclusions.53
Meanwhile, the Germans had enshrined their prevailing temperature scale in a
law that was announced on 7 August 1924.54
Response
Under this barrage of memoranda from the three national calibration labora-
tories, memoranda that quickly converged towards a joint proposal for an inter-
national temperature scale, the response by Guillaume, Kamerlingh Onnes and
Keesom took a long time. At the end of November 1924, Keesom finally sent the
printer’s proof of his report to Guillaume, with copies for the three directors of
the calibration institutes: Holborn, Burgess and Petavel.55 The Leiden report con-
centrated solely on the gas thermometer. Based on the gas thermometer an ‘inter-
national provisional Celsius scale’ could be constructed, usable for the range -200
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till 450 °C. Apart from this primary scale, there was room for a secondary tem-
perature scale based on calibration points and interpolation formulas and in-
tended for practical use. However, the accurate definition of this secondary scale
required agreement about the primary fundamental scale. In that context, the dif-
ference in the boiling point of oxygen on the Leiden temperature scale and that of
the Physikalisch-Technische Reichsanstalt, –182.95 versus –183.00 °C, was cause
for concern.56
Two camps
Guillaume continued to proceed at a slow pace. On 17 July, eight months after he
had been the last to submit his report, Keesom enquired as to whether any pro-
gress could be reported concerning the International Temperature Scale.57 Bur-
gess had also become impatient and on 20 July a new American proposal with
specifications and a draft treaty text was sent to Sèvres.58 The message from
Washington was that the implementation of a practical and clear international
temperature scale could simply no longer be delayed. The American proposal re-
ceived a warm welcome from the Reichsanstalt.59 Keesom was also positive but
could not agree with Burgess’s –183.00 °C for the boiling point of oxygen.60 In
the event of precise measurements, Keesom wanted to be able to deviate from the
temperature scale and did not want to accept the fact that the American proposal
did not grant him this freedom.61
Endgame
In a final effort to turn the tide, Keesom sent Guillaume the first part of the
manuscript about the gas thermometer in the summer of 1926. This was a review
study that he had carried out, together with Tuyn, on behalf of the Bureau Inter-
national des Poids et Mesures.62 The rest was to follow soon. Yet, Leiden once
again opted for a detailed study, and it was not until 2 August 1927 that the Mem-
oir was ready to be sent. It presented a case for the helium gas thermometer as
the fundamental basis for an international temperature scale and a procedure for
establishing this scale, supported by a considerable mass of experimental data.
Guillaume would collect comments and distribute these at the end of 1927.63
Yet this counteroffensive had no effect. In August, Burgess had already distrib-
uted a new version of his proposal. The amendments were few. The idea was to
reach a final proposal at the international conference planned in September 1927
in London, which would be a cosy meeting between the three calibration insti-
tutes, since the Netherlands was still not a member of the Metre Convention.
Afterwards, the Conférence Général des Poids et Mésures to be held in October
in Sèvres could eventually take action after so many years of waiting.
155
Keesom formulated all of the Leiden objections to the American proposal of
August 1927. His conclusion:
[I]t seems impossible that the Laboratories concerned may unite in proposing
[…] a temperature scale which they can trust for the low temperatures till -193
°C to be correct to a hundredth of a degree or so. The Leiden laboratory is
waiting for a proposal of the International Bureau of Weights and Measures as
to a special thermometric conference.64
Keesom’s objections were all in vain. On 4 October, the joint proposal by the
three calibration institutes, submitted by the Americans, was on the table in
Sèvres at the 7th General Conference on Weights and Measures. As a compromise
for Leiden, the boiling point of oxygen had been set at -182.97 °C. Leiden was not
impressed. Nevertheless, the proposals were unanimously accepted. The treaty
text in the Comptes Rendus (Proceedings) was followed by a Memoir containing
Keesom’s objections.65
Sequel
In his comments on the Leiden Memoir of August 1927 Burgess stated that the
International Temperature Scale offered ‘a standardization of practice, and as
such [it] will prove to be of the greatest utility.’ But, he then continued:
The gas thermometer is, however, almost solely an instrument of research,
and the standardization of research as proposed in the Memoir cannot in our
opinion lead to any useful result. We would prefer to leave the widest possible
latitude in the field of research and then, as the results of research become
available, to use them in the more perfect standardization of practice.66
Burgess’s closing praise for the collection of so much data could not hide the fact
that the Bureau of Standards had issued a devastating judgement on Leiden’s gas
thermometry.
In July 1929, Keesom finally struck back.67 It was ‘a pleasure,’ he wrote, to send
to Guillaume his rebuttal to the criticisms from the Reichsanstalt and the Bureau
of Standards, adding a French translation of a devastating article he had just pub-
lished in the Dutch journal Physica: ‘Concerning the experimental basis for the
International Temperature Scale, with respect to low temperatures’.68 The arti-
cle’s English translation was sent to Washington one month later.69 He also sent
the corrections to the last printer’s proof of his Memoir: a never-ending lament.
The article was published in Travaux et Mémoires of 1944.70 According to Keesom,
the International Temperature Scale for low temperatures was based on only a
single study. The accuracy of the concurrence of the international temperature
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Fig. 2 – The Physikalisch-Technische Reichsanstalt in Charlottenburg, Berlin
scale with the thermodynamic scale was about 0.04 °C, and that was far less than
the 0.01°C that had been achieved in Leiden with a platinum thermometer. As
Keesom puts it: ‘with this state of affairs […] we do not yet consider that there is
any justification for adopting the international temperature scale’.71
Conclusion
The discussions that took place in the period preceding the establishment of the
International Temperature Scale of 1927 and the events following that decision all
revolved around an argument about temperature margins in the order of no more
than several hundredths of a degree. However, the essential characteristic of the
Cryogenic Laboratory of Leiden lies in its precision measurements and those did
revolve around hundredths of a degree. From that point of view, it is hardly sur-
prising that Kamerlingh Onnes and Keesom adhered to the gas thermometer as
the basis for an international temperature scale as a matter of principle. After all,
the numerical values of the fixed points of the platinum thermometers were es-
tablished on the basis of gas thermometers.
The decisive factor in the outcome of the ‘battle’ between the proponents of
precision (Bureau International des Poids et Mesures, Leiden) and the more flex-
ible parties (Bureau of Standards, Reichsanstalt, Physical Laboratory) was the
growing demand in industry for an unequivocal and practically convenient ap-
proach to measuring temperatures. The calibration institutes had to meet this
demand. It was no longer possible to accommodate the time-consuming and me-
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ticulous approach of Leiden, focusing on the scientific basis for gas thermometry
for years and years, without a clear end point.
Another decisive factor was that Keesom did not enjoy the same status as his
illustrious predecessor. Whereas Kamerlingh Onnes could deliver a report on be-
half of the First Committee of the Association Internationale du Froid, in which
the calibration institutes were strongly represented, with recommendations that
were contrary to the views of these institutes, Keesom lacked the authority to be
so influential. In his objections to the International Temperature Scale of 1927
Keesom undoubtedly had a point. Unfortunately, being right is sometimes not
enough.
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9 The magnet and the cold:
Wander de Haas and the burden of
being Kamerling Onnes’ successor
Ad Maas
Wander de Haas has not received much attention from historians of physics. Yet,
in his day, he was considered an important physicist. He was also well-known
abroad: he attended two Solvay conferences, in 1921 and 1930, was awarded the
Rumford Medal in 1934, and he was also a corresponding member of the Académie
des Sciences. The clearest evidence for his reputation as a physicist, however, was
the fact that he was chosen in 1924 to succeed Heike Kamerlingh Onnes (1853-
1926) – together with Willem Hendrik Keesom (1876-1956) – as Director of the
Leiden Natuurkundig Laboratorium (Physics Laboratory), the famous cryogenics la-
boratory: the ‘coldest place on earth’.1
Wander Johannes de Haas (1878-1960) was born in Lisse, a town not far from
Leiden, but he completed his secondary education in Middelburg, the capital of
the province of Zeeland in the south-west of the Netherlands. In 1895, he started
to study law to become a notary. After having worked for a short while in a no-
tary’s office, he decided to change course and study something completely differ-
ent: physics. He began his studies in Leiden in 1900. From 1905 until 1911 he was
the assistant of Kamerlingh Onnes and J.P. Kuenen (1866-1922). In the following
thirteen years he took various positions as a professor, first in Delft, then Gronin-
gen and, finally, in Leiden. There, he became responsible for the investigation of
electrical, magnetic and optical properties of matter, while his Codirector, Kee-
som, directed the research on helium and other gases, and the thermal properties
of solids. Keesom was also responsible for the cryogenic installation.2
In the history of physics, De Haas is mainly known for his collaboration with
Albert Einstein in 1915, which resulted in the Einstein-De Haas effect – research
totally unrelated to cryogenic physics. He appears to have been a good networker:
he succeeded Kamerlingh Onnes, did research with Einstein and, moreover, he
married the daughter of Hendrik Lorentz.
De Haas became director of the Kamerlingh Onnes Laboratorium (as the Natuurkun-
dig Laboratorium was then named) in a period when Leiden’s position as leader in
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the cryogenic field was challenged. In 1924, for example, Leiden lost the mono-
poly for the production of liquid helium, which it had since 1908. Increasingly,
other scientists and institutions made major discoveries. In 1932 however, the
laboratory once more acquired a unique position when the world’s second largest
electromagnet was installed. At the cost of an estimated 33,000 guilders it was
undoubtedly the most expensive tool ever purchased by Kamerlingh Onnes, who
had still decided upon this acquisition. Together with the famous cryogenic appa-
ratus it was an unequalled set of equipment to study magnetism at low tempera-
tures. It was now up to De Haas to make a fresh start and reap the benefits of this
investment. There were reasons for high expectations.
In this chapter, I will focus on De Haas’ cryogenic research with the large mag-
net to see what ultimately has become of these investigations. In the first part, I
will elaborate on the most eye-catching results: the spectacular cold-records
achieved in the mid-1930s. With a new technique, called adiabatic demagnetiza-
tion, temperatures as low as four millikelvin were achieved. Yet, this kind of re-
search was, in fact, atypical given what the Leiden scientists really had in mind. In
the second part, therefore, I will examine the main research programmes that De
Haas carried out with the large electromagnet. I will discuss the most important
results and take stock: did the magnet give a new impulse to the Leiden research?
In the final part of the chapter, I will try to characterize De Haas as a physicist and
elaborate on his role as a researcher. In doing so I will focus on a peculiar habit of
De Haas: he sometimes locked himself in his laboratory, together with an assis-
tant, to conduct experiments, preferably at unconventional hours.3 Nobody has
ever explained why he developed this habit, but at the end of this chapter, I will
be able to hazard a guess.
Cold salt
The research that secured De Haas’ place in the quest for absolute zero focused
on a technique called adiabatic demagnetization. By using the traditional method
– pumping away the helium vapour over a reservoir of boiling liquid helium with
as much force as possible – the threshold of 1 Kelvin could be passed, albeit with
some effort. In 1932, Keesom managed to achieve a world record of 0.71K, break-
ing the eleven year-old record set by Kamerlingh Onnes, who had reached 0.82K.
Spectacular new records resulted from a new way of cooling that was devised –
independently – by Peter Debye (1884-1966) in Zurich and by William Francis
Giauque (1895-1982) in Berkeley, in 1926. This method uses paramagnetic sub-
stances, instead of helium. When a preparation of a paramagnetic substance is
placed in a magnetic field, its atoms will align themselves in the direction of the
field (and its entropy will decrease). This magnetically aligned preparation is
cooled by traditional method, a bath of liquid helium, to a temperature of a little
above 1K. Then, the contact between the preparation and the helium-bath is
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Fig. 1 – Wander de Haas and his wife Gertruida Luberta de Haas-Lorentz.
Source: Museum Boerhaave
broken, in order to isolate it thermally. If the preparation is subsequently removed
from the magnetic field, the magnetic moments of the atoms will lose their ar-
rangement, which had originated under influence of the magnetic field. Because
the entropy of the system must remain equal, this results in a decrease of tem-
perature.4
Leiden was the perfect place to put magnetic cooling into practice. Not only did
the Leiden scientists possess unparalleled capacities and decade-long experience
in cryogenic research, from 1932 onwards they could use the world’s second lar-
gest electromagnet to generate strong homogeneous magnetic fields over a rela-
tively large volume. However, they were not the first to apply the new technique.
Giauque, in Berkeley, managed to construct a helium liquefactor, out of the blue,
using kerosene-cooled coils to generate magnetic fields. To Giauque’s astonish-
ment, the Leiden researchers appeared for quite a while to show no inclination to
pursue adiabatic demagnetization experiments, even though they knew of his ef-
forts. In April 1933 he succeeded in reaching 0.25K by putting a preparation of
gadolinium sulphate in his magnetic cooling machine.5 One month later, De
Haas struck back by cooling a preparation of cerium fluoride to 0.19K. A month
and a half later, he reached 0.08K with a preparation of cerium ethyl sulphate.
The adiabatic demagnetization programme was carried out by De Haas, Hans
Kramers (1894-1952), and Eliza Cornelis Wiersma (1901-1944).6 Kramers took
care of the theoretical part, De Haas was the leader of the programme and Wiers-
ma was responsible for the most important part of the construction. Wiersma
was, according to his colleague Casimir, an all-round physicist, who could, un-
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fortunately, slide hopelessly into irrelevant details, which may be one of the rea-
sons why Berkeley initially beat Leiden. Nevertheless, Wiersma managed to con-
struct a suitable apparatus to practice adiabatic demagnetization. The principal
part was a cryostat, in which the preparation was pre-cooled with liquid helium,
after having been magnetized between the poles of the electromagnet. Subse-
quently, the helium was pumped away, to isolate the preparation thermally. Final-
ly, demagnetization was achieved by removing the cryostat, including the pre-
paration, away from the poles of the magnet. This removal of the preparation
was, incidentally, far from simple technically, because there were pumping pipes
connected to the cryostat that could not be disconnected.
With the 0.08K that was achieved in 1933, the possibilities to reach lower tem-
peratures with adiabatic demagnetization were by no means exhausted. The trick
was to find paramagnetic substances with a large and constant sensitivity to a
magnetic field at extremely low temperatures. Not all paramagnetic substances
are equally sensitive in that respect. The measure of this sensitivity is a measure
of the susceptibility of a substance. The larger the susceptibility, the more
strongly a substance can be magnetized, and the greater the decrease of tempera-
ture that can be achieved by demagnetization.
Salts of some of the metals from the iron-group or from the rare earths best
met these requirements. Reaching the lowest temperatures was a matter of test-
ing a variety of these substances. In the end, though, the ultimate record of
0.0044K, which was set in early 1935, was achieved in a compound with elements
from neither the iron-group, nor the rare earths. The substance that was used
consisted of potassium chromium sulphate and potassium aluminium sulphate.
It was not until the 1950s that a new leap forward into the extreme cold became
possible, owing to another new technique: the magnetic cooling of the atomic
nucleus.
Achieving low temperatures was one thing, but being able to measure the tem-
peratures in these new areas of cold was quite another. Measuring temperatures
accurately was a constant concern at the Kamerlingh Onnes Laboratory.7 To de-
termine the temperature of magnetically cooled salts, De Haas and his colleagues
used Curie’s Law, which states that the susceptibility of a substance is inversely
proportional to its temperature. In other words, the greater the susceptibility, the
lower the temperature. To measure its susceptibility the cooled salt was put inside
a coil that generated a small magnetic field. The force exerted by this field on the
substance, which was measured in a galvanic balance constructed by Wiersma,
was used to derive the substance’s susceptibility and to determine its temperature,
by means of Curie’s Law. The problem, however, was that Curie’s Law is far from
perfect, in particular at low temperatures. The record temperature of 0.0044K
was, for example, a cautious estimate: later it was established that, in fact, the
temperature must have been lower than 4 millikelvin.8
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Considering the impressive records that were achieved, adiabatic demagnetiza-
tion research was a huge success, at first glance. National as well as local papers –
from Limburg in the South to Groningen in the North – reported faithfully about
De Haas’ latest records: ‘Wonderful Success for Prof. dr W.J. De Haas’, wrote the
Leidsch Dagblad on 12 May 1933 after De Haas had reached 0.27K. In addition, De
Haas was awarded a royal decoration.
However, from the point of view of the Leiden scientists themselves, percep-
tions may have been different. According to Leiden research ethics, merely estab-
lishing cold records was never a principal objective. No urgent need was felt to
get into a rat-race with other laboratories to search for the lowest temperatures.
Kamerlingh Onnes’ maxim ‘door meten tot weten’ (through measurement to knowl-
edge) was still the leading motto. According to this motto, theories needed to be
subjected to precision measurements in order to be corroborated, so adiabatic
demagnetization was taken up, first and foremost, because it offered the possibil-
ity to study physical theories and the properties of matter in a new area of cold.
De Haas focused especially on studying the properties of the magnetically cooled
substances themselves. Their susceptibility was measured and also the behaviour
of specific heats and entropy were investigated. As predicted by Nernst’s Theo-
rem, spins tend to align themselves in an orderly manner close to absolute zero,
which should be accompanied by a sharp increase in their specific heat. This
phenomenon was indeed observed. Even the 0.0044K record was, in fact, only a
by-product of an experiment, whose main goal was to measure the temperature
effect of different magnetic field strengths on some substances. Apart from the
physical behaviour of substances, the determination of ‘true’ thermodynamic
temperature from the values obtained by extrapolating Curie’s Law remained a
spearhead of the Leiden efforts.
After Wiersma had left Leiden to become professor in Delft, the ‘coming man’
was Hendrik Casimir (1909-2000), who later became Director of the Philips
Nat.lab. (Physics Laboratory) and is well known among historians of science for his
book Haphazard reality. He managed the Leiden research programme, without
being able, however, to ‘discover something essentially new’.9 In fact, this could
be concluded for all of the adiabatic demagnetization research until World War
Two. From the point of view of De Haas and his colleagues, the adiabatic cooling
programme may not have been as successful as it had seemed to outsiders.
Missed opportunities
Adiabatic demagnetization was just one of the research programmes for which
the large electromagnet was deployed and it was certainly not the reason why it
was installed. Kamerlingh Onnes had made the first drafts for the large magnet in
1917.10 At that time, a series of magnetic investigations had just ended, which had
already started around 1905. For this series, Onnes had been inspired by an idea
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of Paul Langevin that, at lower temperatures, the thermal motion that counteracts
magnetic arrangements is largely absent. At lower temperatures, in other words,
magnetism can be studied in its purest form, unhindered by thermal distur-
bances. This had been Onnes’ basic argument for magnetic studies at low tem-
peratures.
Onnes’ magnetic research focused in particular on Curie’s Law: the lower the
temperature, the higher the susceptibility. Langevin’s theory had in fact been an
explanation for this law. It was a characteristic Onnes type of research pro-
gramme. He expected that precision measurements might reveal deviations of
Curie’s Law at low temperatures. Such deviations, so Kamerlingh Onnes hoped,
could be the result of effects connected to quantum theory. Although he still
stood squarely in the world of classical physics, Onnes conjectured that magnet-
ism could not be understood without quantum theory, and that the effects of
quantum theory would reveal themself pre-eminently at low temperatures. What
he was aiming for, then, was to investigate the foundations of magnetism that
could provide insights into quantum theory.
For Onnes’ research an electromagnet of the Weiss-type was ordered from the
firm of Oerlikon in Switzerland. It was installed in 1913, weighed about 1000
kilos, had a capacity of 50,000 gauss, and was in fact the smaller brother of the
large magnet that would be put into operation twenty years later. After 1914, how-
ever, the magnetic investigations were interrupted for a variety of reasons. When
Onnes revived the research programme after the war – there were sufficient
grounds to continue the research, as deviations from Curie’s Law had indeed
been found – the Oerlikon magnet was outdated.11
It is important to emphasize that Onnes’ motivation for purchasing the large
magnet had taken shape between 1905 and 1915. When the magnet became op-
erational, in 1932, some twenty years of scientific developments had already
passed. In 1932 there was no longer a central, fundamental, scientific objective to
use it, such as studying the foundations of magnetism and quantum theory by
testing Curie’s Law. Thus, De Haas was obliged to completely reformulate the
research programme.
This new programme was set out in a small article De Haas wrote on the occa-
sion of the large magnet officially becoming operational:
As for the programme for the large magnet, this is very versatile, since now
already a series of studies are awaiting an extension to stronger fields.
Examples are the magnetic research of weak magnetic substances, the change
of resistance of metals other than bismuth, magneto-optical investigations at
low temperatures, the continuation of the study of anhydrical chlorides,
probably the research of supra-conducting alloys and, finally, the change of
heat conductivity of crystals of Bismuth and other metals.12
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Remarkably absent in this research programme was adiabatic demagnetization.
Until the outbreak of World War Two, this somewhat fragmented research pro-
gramme was actually carried out, for the most part. Several studies were devoted
to the ‘halfmetal’ bismuth. According to Wiersma, De Haas’ interest in bismuth
dated back to a study he had conducted as early as 1914. The study of the change
in resistance of antimony in a magnetic field had led him to the conclusion that a
strong change in resistance correlated with the strong diamagnetic character of
the material. Apparently, he surmised that this relation between resistance and
diamagnetism could reveal fundamental characteristics of magnetism, and he
chose bismuth, a strong diamagnet, as the material to which he would extend
this research. The bismuth series would not yield De Haas the fundamental in-
sights he had hoped for, although two interesting achievements are worth men-
tioning.
The first one was the result of cooperation with the Russian scientist Lev
Schubnikov (1901-1937), a guest at the laboratory who was an expert in making
pure bismuth crystals. The two men discovered that, at low temperatures, the
influence of the magnetic field on the resistance depends – in a volatile manner –
on the direction of both the field and the electrical current in relation to the or-
ientation of the bismuth crystals (the Schubnikov-De Haas Effect). Particularly
remarkable was the spectacular increase of the electrical resistance of bismuth in
a magnetic field at decreasing temperatures.13 Schubnikov’s investigation was the
first one for which the large magnet was used, even before its official inaugura-
tion. De Haas apparently had high expectations of this type of research.
One of De Haas’ students, Pieter van Alphen, came across another remarkable
trait of bismuth. At low temperatures its susceptibility also appears to show peri-
odic variations as a function of the strength and the direction of a magnetic field.
This phenomenon is known as the De Haas-Van Alphen Effect. De Haas and Van
Alphen did not realize that these fluctuations were, in fact, an empirical support
for the recent, cutting-edge quantum-mechanical theory of magnetism of Lev
Landau (1908-1968), which predicted a strong periodicity of the diamagnetic mo-
ment. Consequently they could not appreciate the true value of the discovery, even
though they actually did cite Landau’s work in their article. After the theoretical
background had become clear, the De Haas-Van Alphen Effect – ‘one of the first
major examples of successful agreement between theory and contemporary ex-
periment in solid-state quantum mechanics14’ – was experimentally ‘exploited’
by, among others, David Shoenberg (1911-2004), in Moscow, to gain insight in
the electron structure of metals, as the effect is not confined to bismuth. So
much for the bismuth series.15
Jean Becquerel (1878-1953), a descendant of a famous scientific family and a
frequent guest in Leiden, carried out the main part of the magneto-optical re-
search. He observed the Faraday Effect (the rotation of the plane of polarization
of a linearly polarized beam of light under the influence of a magnetic field) at
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low temperatures in paramagnetic crystals that he brought from the fine collec-
tion of minerals of the Musée d’Histoire Naturelle in Paris where he held tenure. This
Faraday Effect was remarkably large at low temperatures in some crystals that
contained rare earths (such as tysonite). According to Casimir, Becquerel’s re-
search was of superb quality and has been somewhat underrated. It offered in-
sight in the interaction of forces within paramagnetic crystals. Becquerel’s re-
search proved to be instrumental for the search for the ideal composition for the
application of adiabatic demagnetization. It was his research that showed that the
elements from the iron-groups were suitable.16
Naturally, much of the research was devoted to the still poorly understood phe-
nomenon of superconductivity. The Leiden physicists observed especially what
happened when the threshold to superconductivity was passed – forwards and
backwards – under the influence of changing temperatures and magnetic fields.
Particularly interesting was the discontinuity of thermal conductivity found by De
Haas and H. Bremmer by terminating superconductivity in a magnetic field. This
was the first indication that the transition to superconductivity was also accompa-
nied by changes in thermal properties, coming approximately at the same time
that Keesom’s group noticed a sudden jump in the specific heat at the transition
point.17
Remarkably enough, this was in fact the only experimental breakthrough that
was achieved after the large magnet became operational, even though Leiden had
always held a leading position in the research of superconductivity. In the late
1920s, De Haas, together with J. Voogd and the Belgian metallurgist E. van Aubel,
had still discovered that binary metallic mixtures of which neither component was
a superconductor, such as the eutectic mixture of gold and bismuth, could be-
come superconductive. A mixture of bismuth and thallium even appeared to re-
main superconductive in the highest magnetic fields that De Haas could generate.
The remarkable superconductive behaviour of bismuth may have been an addi-
tional reason for De Haas’ particular interest in this element, and also an old
dream of Kamerlingh Onnes’: creating powerful electromagnets by using super-
conducting coils.18 For a while, this seemed to give new impetus to research in
that direction but in practice Onnes’ dream would not be realized.
Leiden just missed by a hair the most revolutionary breakthrough in supercon-
ductivity research during the 1930s – and arguably even since its discovery – the
Meissner Effect. A conductor that has been brought in a superconductive state
appears to ‘drive out’ the internal magnetic field. This driving out of the magnetic
field meant that a superconductor could be regarded as a perfect diamagnet, giv-
ing rise to the famous ‘levitation effect’ that could be considered a characteristic
property of superconductors. The Meissner Effect stood in complete contrast to
the view, current at the time, that a conductor fixes, or ‘freezes in’, its magnetic
field. This latter hypothesis, incidentally, had been forcefully supported by an ex-
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periment in 1924 by Kamerlingh Onnes and Willem Tuyn, who thought they had
observed this ‘freezing in’ in a tin sphere.19
The freezing-in hypothesis had implied that first applying a magnetic field to
the conductor and then bringing it in the superconductive state yields a different
result than doing the experiment the other way around and applying a magnetic
field to a superconductor. The Meissner Effect revealed that the sequence did not
make any difference at all, which opened the possibility for treating superconduc-
tivity as a thermodynamic change of state. The so-called ‘two fluid model’ of the
young Leiden physicists Gorter and Casimir would be the first attempt to do so.
Yet, it would be the brothers Fritz and Heinz London who would give the first
satisfactory phenomenological description of superconductivity, which, by the
way, was not understood at the atomic level until the 1950s.
The Leiden physicists had been close to debunking the ‘frozen field’ hypoth-
esis. Some experiments showed contradictory results, especially the measure-
ments conducted by De Haas, J. Voogt and J. Jonker with a monocrystalline tin
wire. These showed that either sequence, first cooling below the transition point
and then applying a magnetic field, or the other way around, did not influence the
result. Also, Casimir had started to doubt the hypothesis’ validity on theoretical
grounds. De Haas and two of his students, Gorter and Jonker, began planning an
experiment to study the question once more, but during their preparations the
message about Walther Meissner’s and Robert Ochsenfeld’s observations arrived
from Berlin.20
The most groundbreaking achievements of the De Haas ‘school’ of magnetism
and cold did not originate from the research programme that was formulated
initially, but from two new types of research. The first of these was adiabatic
demagnetization, as we have seen. The second was initiated by Cornelis Jacobus
Gorter (1907-1980), a gifted and dynamic young physicist who actually worked
with De Haas in Leiden only as a student. By the time he graduated, Gorter had
secured a tenured position at the Teylers Museum in Haarlem (1931-1936), after
which he moved to the University of Groningen (1936-1940) and later to the Uni-
versity of Amsterdam (1940-1948), before eventually returning to Leiden. In his
doctoral research he already laid the foundations for ideas he developed in subse-
quent years regarding paramagnetic relaxation. With this technique important in-
formation about the constitution of matter can be derived from the fact that the
magnetization of the atoms in an alternating magnetic field21 is sometimes un-
able to keep up and begins to lag behind in phase. Unfortunately, Gorter’s own
experimental attempts, between 1932 and 1936, to observe this effect remained
fruitless. Felix Bloch (1905-1983) and Edward Mills Purcell (1912-1997), who suc-
ceeded where Gorter failed, received the 1952 Nobel Prize for their work. Gorter
also was unable to reap the benefits from his suggestion how to use nuclear spin
resonance for the determination of nuclear magnetic moments. In this case it was
the Austrian-American physicist Isidor Isaac Rabi (1898-1988), who would win a
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Nobel Prize – in 1944 – supported by Gorter’s ideas. According to his friend Casi-
mir, Gorter did not capitalize on his ideas because he lacked the technical means
and simply did not have the skills to develop new experimental techniques. Gorter
himself contended, in retrospect, that perhaps he had been too versatile in his
interests.22
This latter example, though only partly concerned with the Leiden physicists
and relating to research in which the large magnet was not involved, tellingly
illustrates the nature of the experimental magnetic research of De Haas and his
colleagues during the 1930s. They operated in the frontline of the latest develop-
ments, achieved important results that often inspired other scientists to do pio-
neering research, but missed major breakthroughs. The Kamerlingh Onnes La-
boratory disposed of advanced research equipment with unequalled capacities to
conduct magnetic research at low temperatures, but it did not manage to capita-
lize on it.
It is clear, in conclusion, that the installation of the large magnet did not really
give a new impulse to De Haas’ research. He continued old research programmes
with better equipment, but apparently without new inspiration. Ironically, the
only successful new programme started by De Haas – adiabatic demagnetization
– was, in a sense, successful in the ‘wrong’ way, according to the Leiden physi-
cists, who did not consider chasing after new temperature records serious
science. De Haas had little involvement in the cutting-edge research by Gorter
and Casimir. Was he the wrong man in the wrong place? What kind of investiga-
tor was he?
De Haas as an investigator
In an obituary, Gorter characterizes the scientist De Haas as follows:
In his investigations he showed no affinity with mathematical methods, in
which his father-in-law H.A. Lorentz excelled, but he combined the skill to
devise accurate experiments with a peculiar, but often very effective intuitive
approach of important issues. He has been called a romantic researcher of
nature and he felt indeed closer to the explorer than to the systematic
formalist.23
His interests were to find ‘new connections and unknown phenomena’.24
In fact, De Haas was an adventurous and impulsive experimentalist, who could
tackle fundamental scientific issues with a single experiment that he devised with
a simple set-up. The best example of his experimental aptitude are the measure-
ments leading to the Einstein-De Haas effect, in which a fundamental question –
evidence that electrons orbiting around atomic nuclei cause magnetism – was
tackled with a simple, table-top set-up.25 Even though the quantitative results
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Fig. 2 – De Haas and the large magnet. Source: Museum Boerhaave
have not remained undisputed, it was an important experiment and it shows the
nature of the experimentalist De Haas all over.
Two years before his work with Einstein, De Haas had finished his PhD in
Leiden with work of a completely different nature. In order to test Van der Waals’
equation of state, De Haas had measured the compressibility of hydrogen be-
tween the boiling and melting point.26 This was not an adventurous endeavour to
reveal the secrets of nature, but a typical, business-as-usual investigation of the
Leiden cryogenics laboratory, using tried and proven methods. The research did
not consist of one single experiment devised to decide upon a fundamental scien-
tific question and did not involve a heroic attempt to discover new phenomena. It
was just a small piece of a large research programme designed to provide insight
into the laws of nature by virtue of accuracy and repetition. De Haas’ dissertation
fitted perfectly in the straitjacket of Kamerlingh Onnes’ research factory and did
not lead to earth-shaking results. In this way, De Haas, the adventurous, intuitive
researcher looking for fundamental problems to solve with one experiment, was
forced into the ethical mould of systematically pursued measuring programmes.27
The point of departure in these programmes was the unequalled capacity to con-
duct research at the lowest temperatures, creating the conditions to test as many
natural phenomena and laws of physics as possible with great precision. De Haas,
in other words, worked in Leiden against his nature.
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The successful Cavendish Laboratory is an example of a laboratory where re-
search during the interbellum was instead driven by real scientific problems and
pursued with relatively simple ‘string and sealing wax’ experimental set-ups.28
This is the kind of environment that would have been more in line with the skills
and inclinations of De Haas and one can only wonder what he would have accom-
plished in this type of research tradition.
Incidentally, there is one characteristic that De Haas, as an experimentalist,
shared with the Kamerlingh Onnes ethic: his patience and perseverance to con-
tinue an experiment until all interfering factors that might possibly influence the
results were removed. He was very disciplined in this respect and, according to
Wiersma, he even had ‘a special instinct for finding systematic errors in experi-
mental results.’29
As Director of the laboratory he appeared to have the freedom to choose his
own direction and style. However, the laboratory had a strong tradition that was
not easy to change, not even for an all-powerful Director – if he would have
wanted to do so. Obviously, it was unthinkable not to give the research equipment
of the Kamerlingh Onnes Laboratory prime of place in the research conducted
there. This applied to the large magnet that had been ordered by Kamerlingh
Onnes himself, as well as to the unique cryogenic apparatus constructed with
blood, sweat and tears by Kamerlingh Onnes and his associates. The only way to
reap full profit from the unequalled capacities of the laboratory was to take the
presence of the equipment as the point of departure and use it to test a great
number of natural phenomena and laws of nature.
So De Haas was less inclined to be guided by spontaneously invented funda-
mental questions, than by the presence of the great magnet and the cold ma-
chine, which inevitably determined the course of his research. De Haas had
to change from being a scientist driven by scientific questions to an instrument-
driven investigator. It was, for instance, natural for Leiden, with its combination
of extreme cold and strong electromagnet, to focus on adiabatic demagnetization
research, and inevitably the laboratory engaged in it. This was a typical case of
equipment-driven research.
Of course, the magnet and the cold-apparatus still defined a broad field of
research in which De Haas could devise ingenious research topics and experi-
mental set-ups, and he did so regularly. As Wiersma has noted, for example, De
Haas not only supplied research topics to his students, he also devised the experi-
mental methods. This seems to have been his particular strength. However, as the
Director of a complete organization, he also needed to formulate long-term re-
search programmes. He proved to be no programmatic innovator, nor did he
manage to formulate one single, long-term research objective, and one can only
wonder whether strategic, visionary thinking was part of his skills. In the end, the
only new research programme he initiated himself was that of adiabatic demag-
netization.
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The problem for De Haas was, in other words, that a laboratory is more than
just a ‘neutral’ facility for doing research. Not only the experimental equipment,
but also the expertise of the investigators and the technical staff, as well as the
research ethos, together form a tradition that tends to maintain itself, and be
strongly ingrained in the laboratory’s current and future research. It should not
be forgotten that investigators and other staff were all trained to do low-tempera-
ture science, guided by Onnes’ famous ‘door meten tot weten’ motto. The people in
the laboratory were all steeped in this experimental tradition.
Equipment, expertise and research ethos are all examples of durable, routine-
like behaviour patterns and organizational structures that constrain the behaviour
of individuals, such as De Haas. In the economic and social sciences, such factors
are termed ‘institutions’. Institutional explanations are used in these sciences to
characterize the often sub-optimal economic performance of companies or coun-
tries that cannot be explained by ‘objective’ market-factors alone (about institu-
tions, see Goodin 1996). Institutional theory can also be a useful tool for studying
the history of scientific organizations. In another study I have argued that the
stature of Amsterdam experimental physics between the World Wars also suf-
fered from limiting institutional factors that were created in the past. As in Lei-
den, the research in the three Amsterdam physics laboratories tended towards
being equipment-driven, even after the field of research appeared to have become
outdated.30
In a sense, the large magnet is exemplary, and also symbolic for the Leiden
research tradition that burdened De Haas and prevented him from making a fresh
start with a new programme of research. De Haas never complained about his
situation. As was mentioned in the introduction of this chapter, once De Haas
had become Director of the Kamerlingh Onnes Laboratory, he developed a re-
markable habit. Sometimes he locked himself in his office, together with a la-
boratory assistant, to conduct experiments. There he tried to tackle fundamental
questions of physics in an inventive manner he devised himself. According to a
description of these sessions by Wiersma, ‘[…] there is no end to his patience.
What time it is, how long dinnertime has passed – al this does not matter. Series
after series are tried and the more difficult, the greater his interest.’31
We do not know what kind of investigations De Haas pursued: according to
Wiersma ‘he seldom published them’. I believe, though, that there, in a place
without large magnets and cold-machines, we can see a glimpse of the ‘real’ De
Haas, released for a brief moment from Onnes’ straitjacket and from the weight
of the large magnet.
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27. Besides reasons of principle there was also an important practical reason for the
planned way of doing research in Leiden. In those days, liquid helium was scarce, so
the experimentalists had to know very well what they were going to do with it. There
was no question of wasting the precious liquid with sudden, adventurous brainwaves
(Van Delft [2007]).
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10 ‘The search for a black cat in an unlit
room, where there is no cat at all’:
Investigation by the Royal
Netherlands Academy of Sciences
into dowsing rods and earth rays
Jan Guichelaar1
‘The search for earth rays is like the search for a black cat in an unlit room, where
there is no cat at all’. Those were, according to a newspaper article,2 the words of
Jacob Clay during a press conference on 13 May 1954, on the occasion of the
publication of the Report of the Committee for the Research into the Dowsing
and Earth Ray Problem of the Royal Netherlands Academy of Arts and Sciences.
After World War Two, the members of the Academy were acutely aware of alarm-
ing national and international developments outside their studies and labora-
tories.3 In several committees they analyzed relevant economic and social prob-
lems and tried to come up with answers.
A particularly colourful problem, which has barely been addressed by histor-
ians so far, was the growing popular fear of earth rays. In the 1930s and 1940s,
an alarming belief in earth rays, and in the possibility to destroy these rays by
means of so-called protection boxes, had taken a firm hold on part of the Dutch
population. The Royal Netherlands Academy formed a Committee to establish the
scientific validity of such earth rays and of dowsing, a method used to detect
them. The Committee’s Report, written under the guidance of the Amsterdam
Professor of Physics, Clay, was devastating for the believers.
Some historical remarks4
Dowsing is done with a dowsing5 rod, usually a Y-shaped hazel twig, but bent
rods made of metal or other elastic material are also used. The two ends of the Y
are grasped firmly and the rod is put under tension. Holding the rod in this way,
the dowser walks across the terrain, or through a building, searching for water,
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metals, lost objects, or even bodies. The rod then dips down above the right spot.
The usual explanation for this phenomenon is that the rod is under tension and in
unstable equilibrium, so it is moved by an unconscious thought that causes a tiny
muscle action.
It seems that dowsing rods have been used for thousands of years, at first as
divining rods to tell the future. Even some passages in the bible seem to hint at
dowsing. The first written sources referring to the practice date from the fifteenth
century. In the mining industry in the Harz mountain range in Germany, dowsing
rods were used to find metal ores that were thought to attract the rod. In later
centuries, their use spread, first to England, to find water, and later throughout
Europe. The church was not happy with dowsing activities, believing it to origi-
nate from the devil. Yet, from the eighteenth century onwards, dowsing became a
respectable profession.6
At the beginning of the twentieth century, the theory became fashionable that
the rod was attracted by electromagnetic rays or rays of a different origin. No
doubt these ideas were inspired by the discovery of electromagnetic and radio-
active rays, as described by scientists during the second half of the nineteenth
century (by H. Hertz, J.C. Maxwell, W. Röntgen and A. Becquerel, to mention a
few).
In Germany, Gustav Freiherr von Pohl hypothesized that subterranean water
emitted radiation that caused the rod to move.7 He also believed that these rays
(Erdstrahlen) were the cause of diseases, in particular of cancer. Von Pohl put on
the market the first protection boxes: wooden boxes with pieces of metal inside.
According to Von Pohl, research with rods showed the effectiveness of these
boxes, because the rod did not move in the vicinity of a box, while there was a
definite deflection before the box was placed.
The Netherlands followed Von Pohl’s example. Johannes G. Mieremet (1885-
1967), who had started off as a pianist but continued his career as a magnetizer,
took courses with Von Pohl and learned the ins and outs of earth rays, becoming
a dowser in his own right. He founded the First Dutch Office for Soil Research by
Dowsing against Health Damaging Earth Rays (Eerste Nederlandsch Bureau voor Wi-
chelroedebodemonderzoek tegen Gezondheidschadende Aardstralen). Mieremet made a for-
tune on the sale of so-called PoVerNi protection boxes.8 They were a big success
and he even placed boxes in the Concertgebouw, the concert hall of the Concert-
gebouw Symphony Orchestra, and in Soestdijk Palace, the home of the then
Queen Juliana. The contents of the boxes consisted, as Mieremet informed Van
der Tweel, of metals used in the aviation industry; some combinations prevented
accidents, he claimed.
In 1949, the Dutch geologist Solco W. Tromp (1903-1983) published Psychical
Physics a thick book of more than five hundred pages on dowsing and related
phenomena.9 Tromp had studied geology in Leiden and had worked for oil com-
panies in Indonesia and Egypt, where he became a Professor of Geology at the
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Fouad I University. Three hundred pages in this magnum opus deal with a myriad
of electrical and magnetic phenomena, formulae, small investigations, and details
in connection with chemicals, radioactive materials, the atmosphere, plants, ani-
mals, humans, and diseases. To enhance the scientific reliability, an appendix
contains a nearly complete survey of all known electrical and magnetic physical
laws. The book mentions experiments by J. Wüst and J. Wimmer from 1934, who
believed to have demonstrated that an unknown (earth) radiation existed of a
wavelength between 1 and 70 cm. They even claimed to have measured interfer-
ence patterns behind a metal plate with a small hole in it. Tromp did not think
much of this theory and stuck to his own ‘field theory’, in which he supposed that
the rod movement was generated by the hand muscles. According to Tromp, the
nerves of the forearm were influenced by electromagnetic phenomena and poten-
tial differences, with muscle contractions as a result. Tromp also gave a long list
of reasons why a rod experiment could go wrong: variations in conductivity of the
hands, soles and clothing, the earth’s magnetic field, living organisms in the vici-
nity of the dowser, and the like. This offered him the opportunity to discard any
experiment whose results did not corroborate his theory. He also noted that Mie-
remet had no knowledge of physics, so he could not be a trustworthy investigator.
Tromp, like some other dowsers, saw no use at all for protection boxes.
There was, of course, serious criticism from scientific quarters. One scientific
claim was that the dowsing rod should not be in direct contact with the dowser,
to prevent conscious influence on the rod. In the Thirties there had been extensive
experiments in Germany, which did not show any connection at all between the
presence of water and the movement of rods, nor did they show differences in rod
movements, with or without the presence of a protection box. In the Netherlands,
a seller of protection boxes said to the Court, after charges had been brought
against him: ‘Your Honour, it is a fraud.’
Formation of the Committee for the Research into the Dowsing and
Earth Ray Problem10
Curiously enough, the formation of the Committee for the Research into the
Dowsing and Earth Ray Problem originated from a request by Tromp to establish
a laboratory for psychical physics in the Netherlands. On 30 June 1948, while still
a Professor of Geology in Egypt, Tromp requested that the Minister of Education
in the Dutch Government, J.J. Gielen, study his memorandum about such a la-
boratory [30/06/48;A]. On the condition that the government would guarantee
his appointment for a period of five years and provide him with the necessary
financial support, Tromp was even prepared to give up his position in Egypt. He
had already published extensively in the field of psychical physics, for example a
work entitled ‘The religion of the modern scientist’, and his book on divining
phenomena was to appear shortly. The Minister of Education forwarded the letter
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to the Royal Netherlands Academy of Arts and Sciences, requesting that the
Academy look into the matter [21/07/48;A]. It would be interesting, the Minister
wrote, ‘to gain insight, with purely scientific methods, into phenomena that, until
now, were not thought to be accessible for physical observation’. Though not
intending to provide financial means, he was curious about the opinion of the
Academy. In August, a Committee for preliminary advice was installed: the
Academy members on the Committee were Bernardus Brouwer (1881-1949), Di-
rector of the Central Institute for Brain Research (Centraal Instituut voor Hersenonder-
zoek) in Amsterdam, the physiologist G.G.J. Rademaker, and the physicists J. Clay
and C. J. Gorter [23/08/48;A]. Chairman Brouwer wrote that some of Tromp’s
ideas were worth investigating, but that the project contained so many heteroge-
neous elements that it was not advisable to establish a separate laboratory [22/10/
48;A]. In the meantime, a new Minister of Education had been appointed: F.J.Th.
Rutten. He was informed and agreed [29/11,11/12/48;A] to the plan to explore the
matter further. The Committee members may, however, have regretted their re-
mark on ‘ideas worth investigating’, because in the same letter the Minister posed
the question: ‘which, then, are these subjects being considered for investigation?’
He wrote that he would appreciate more information on the issue, as would his
colleague, the Minister of Social Affairs. Perhaps Clay had already shown some
interest in the matter, since he was asked by the Secretary of the Physics Depart-
ment of the Academy to write a new report [20/12/48;A]. He was appointed to be
the new Chairman of the Committee. In January 1949, the Academy informed the
Minister of Education that an investigation into dowsing rods and earth rays
would be worthwhile. The Minister agreed [29/07/49;A] and the Ministries of So-
cial Affairs and Education were to share the costs.
For the ‘field work’ an Executive Group needed to be installed, with the young
Professor of Theoretical Physics, Sybren R. de Groot, as its Chairman. De Groot
(1916-1994) wrote his dissertation at the University of Amsterdam under Gorter,
so Gorter probably proposed him as the chairman. The Executive Group also
needed to appoint an experimental physicist, a biologist, a medical doctor and a
parapsychologist as members. Once the members’ names and a work plan had
been received, the Ministerial subsidy decree would follow [29/07/49;A].
It would take two full years before the definitive Committee and Executive
Group were formed. One of the bones of contention was the inclusion of a para-
psychologist, which the Secretary for Education wanted. A reason for this was
perhaps that Tromp’s Study Society for Psychical Research (Studievereniging voor
Psychical Research) had promised financial support [04/10/49;A]. The Academy ada-
mantly opposed the appointment of a parapsychologist.
De Groot acted decisively and proposed the (regular, not ‘para-’) psychologist
G.E. Euwe as a member. He hoped to receive the approval of Tromp’s Study So-
ciety for Psychical Research, in order to salvage the promised financial support.
The Study Society objected, and instead it proposed Dr. W.H.C. Tenhaeff (1894-
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1981) [17/10/49;A] who became the first Professor of Parapsychology at the Uni-
versity of Utrecht, in 1953. The Chairman of the Study Society, H.Th. Fischer,
wrote to the Minister of Education and stressed Tenhaeff’s competence, but, after
several discussions, he agreed that Tenhaeff would be unacceptable to the
Academy. In the end, it turned out that the Study Society would not pay [07/11/49;
A] and that it had established its own Executive Group for research on the dows-
ing rod problem, with Board member F.A. Heyn as its Chairman. The Academy
asked the Minister of Education to drop the condition of including a parapsychol-
ogist. In that case De Groot was willing to lead the Executive Group, consisting of
experimental physicist Van der Tweel, microbiologist T.Y. Kingma Boltjes and
psychologist Euwe [21/11/49;A]. The work plan (probably drafted by De Groot)
was, in brief:
Literature study;
Research in the basement of the church in the Friesian11 village of Wieuwerd;
Experiments with dowsers;
Further investigations as a consequence of the obtained results, if necessary.
The basement of the small church of the Friesian village of Wieuwerd contained
some seventeenth century corpses that were mummified by dehydration, as a re-
sult of a continuous draught. According to dowsers, the mummification process
was a result of the presence of high intensity earth rays in the church.
Still, the Minister of Education did not give in and proposed Heyn as an addi-
tional member [04/01/50;A] of the Executive Group. Although he was a Board
member of the Study Society, Heyn was also a respectable nuclear physicist. On
the part of the Academy, there was no objection to appointing him, but Heyn
himself refused [18/01,24/01/50;A].
The Academy members believed, probably from the beginning, that nothing of
serious scientific value could follow from their research into dowsing and earth
rays, and inclusion of a parapsychologist would only lead to lengthy and useless
deliberations. In Clay’s view, too much time had already been lost – more than a
year of writing letters had passed – and he recommended that they began the
actual work. Later on, even The Dutch Patent Office showed an interest in the
upcoming research in connection with patent applications for protection boxes
and other means of protection against earth rays [19/01/51;A].
At long last, the Executive Group was able to make a start, as Clay wrote to the
Academy [03/08/50;A], and De Groot received the message [30/10/50;A] that in-
cluding a parapsychologist was no longer necessary and that the subsidies were
forthcoming. The activities had already started a year earlier, according to De
Groot, but had come to a standstill for lack of funding [4/11/50;A]. During the
entire investigation process, the difference between the Academy Committee and
the Executive Group was not all that clear. De Groot acted as the Secretary of the
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Academy Committee and also as the Chairman of the Executive Group [07/12/51;
A].
Membership and changes in the Academy Committee and the
Executive Group
The Academy clearly took its task seriously: almost all of the Committee and Ex-
ecutive Group members were established, highly reputable scientists in the fields
of science that could be useful for the research at hand.
Clay (1882-1955) studied physics in Leiden and finished his dissertation there
in 1908, under the guidance of the low-temperature expert Kamerlingh Onnes.12
His interest in cosmic radiation led to his discovery of the latitude dependence of
the intensity of cosmic rays. In 1929, he became Professor of Experimental Phys-
ics in Amsterdam.13 In view of his knowledge of radiation, appointing Clay to the
Academy Committee was an obvious choice. Clay, for that matter, had already
had contact with a dowser, who visited him in the Physics Laboratory (Natuurkun-
dig Laboratorium) in Amsterdam in 1947 and explained the workings of a dowsing
rod to him [25/06/47,T]14. Rademaker (1887-1957) wrote his dissertation in the
medical sciences on muscle tone, knowledge that was relevant for dowsing. In
1928 he became Professor of Physiology in Leiden. Gorter (1907-1980) finished
his dissertation in Leiden in 1932, and became Professor of Physics in Amsterdam
in 1940.15 In that same year he became a member of the Academy. De Groot was
one of his first students. Kingma Boltjes (1901-2000) was Professor of Microbiol-
ogy in Amsterdam.
Van der Tweel16 (1915-1997) obtained his doctorate in Amsterdam in 1956 and
became Professor there in 1963. Already before finishing his doctorate he was
appointed Director of the Laboratory for Medical Physics (Laboratorium voor Me-
dische Fysica). His combined physical and medical knowledge made him suitable
to be a member of the Executive Group. In the course of the investigations, Van
der Tweel became an increasingly central figure in the Executive Group. He be-
came the de facto Secretary of the Academy Committee and the Chairman of the
Executive Group. Over the course of time, the role of De Groot, as far as it ap-
pears from the archives, definitely became less prominent. At the time of the final
reports, De Groot was no longer mentioned at all.
Marcel Minnaert and Siegfried T. Bok also became members of the Academy
Committee in 1950, and in 1951, W.R. van Wijk (1905/6-1967) was appointed, as
Gorter had left the Committee. Minnaert (1893-1970) was Professor of Astronomy
in Utrecht and had specialized in the physics of the sun. He was considered an
expert in special physical phenomena, due to his famous books Physics of the
Open Field (De natuurkunde van ‘t vrije veld). Bok (1892-1964), who was Professor in
Leiden and eventually became Director of the Netherlands Central Institute for
Brain Research (Nederlands Centraal Instituut voor Hersenonderzoek), had stimulations
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and reflexes as one of his fields of expertise. Van Wijk was Professor at the La-
boratory for Physics and Meteorology of the Agricultural University in Wagenin-
gen (Laboratorium voor Natuur- en Weerkunde, Landbouwhogeschool). Towards the end,
J. Veldkamp (1909-1994) also joined the Committee. As Director of the Depart-
ment of Geophysics of the Royal Dutch Institute for Meteorology (Koninklijk Neder-
lands Meteorologisch Instituut (KMNI)), he investigated the earth’s magnetic field.
The administrative secretary to the Committee was Mrs. N. de Raadt.
Agricultural Group
A second research group was formed in Wageningen, the seat of the Agricultural
University, because large numbers of dowsers were active in the agricultural sec-
tor and many farmers hired them and bought protective equipment against earth
rays. Members of the Agricultural Group were A.J.P. Oort (1903-1987), C.K. van
Daalen (1884-?), who acted as Chairman, S.F. Kuipers, the Group’s Secretary, and
J. van der Grift. Oort was Professor of Plant Diseases at the Agricultural University
and Van Daalen, as Inspector of Agriculture, was a Government official. This arti-
cle focuses in particular on the results of the research carried out in Wageningen.
Main elements of the investigation
Literature and external contacts
The Committee, or one of the active Executive Groups, did a thorough research
job, starting out according to the work plan drafted by De Groot. Existing litera-
ture was studied extensively and contacts were established with foreign scientists.
Most publications from Germany and Switzerland reached unambiguously nega-
tive conclusions regarding the validity of dowsing rods and the existence of earth
rays. In an extensive article Prof. F. Michels from Wiesbaden stated that, already
at the beginning of the seventeenth century, research had led to the conclusion
that a dowser could make his rod move at will.17
The Committee regularly received requests for information about its work, for
example from the Periodical for Social Medicine (Tijdschrift voor Sociale Geneeskunde),
which was interested because of its fight against quackery [22/10/52;A]. Regu-
larly, the Committee received letters from citizens: requests for information on
the trustworthiness of dowsers hired, and even letters from desperate people,
who had manifestly been deceived. A few examples: A man from Haarlem, who
had had his home measured by Mieremet, later came into possession of a similar
report made for the house’s former inhabitants that was completely different [22/
01/49;T]. A pregnant woman had to move house, according to Mieremet, or the
child would come to great harm. The couple followed Clay’s advice: do not move,
there is no danger at all. They had a healthy baby and Clay was overjoyed [13,14/
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11/49,9/02/50;T]. The dates of these letters show, by the way, that Clay did not feel
the need to wait for the results of the investigations: he already knew it was all
quackery.
In 1950, Clay and Van der Tweel wrote an extremely critical review in the Dutch
Journal for Medicine (Nederlands Tijdschrift voor Geneeskunde)18 of Psychical Physics,
Tromp’s then recently published book (previously mentioned in the section Some
historical remarks) in which he tried to provide a scientific basis for some most
bizarre phenomena: homeopathic potions with a dilution of 10-32, feeling the
‘aura’ of a human being with a rod, the influence of planets on capillarity, a tiny
ball on a short rope being capable of determining the sex of an unborn child, or,
in the case of diseases of determining the exact dose of a medicine. They felt that
publication of books of this kind needed to be opposed with all efforts. In a dif-
ferent review of Tromp’s work they wrote: ‘A worthless book. Food for supersti-
tion.’
The vault in Wieuwerd
In the Friesian village of Wieuwerd, eleven coffins with mummified corpses were
discovered in 1765, in the crypt of the Reformed Church. At present there are only
five coffins left. The lugubrious reason for this is believed to be that drunk young-
sters from the area, or students of the University of Franeker considered it brave
to return to their comrades with parts of mummies as trophies.
Many dowsers claimed that the mummification of these corpses was the result
of a high concentration of earth rays. Investigations in 1951 by Executive Group
members Kingma Boltjes and Van der Tweel in Wieuwerd revealed, in the first
place, that there were no conditions present in the crypt that impeded the growth
of micro-organisms. Furthermore, they established by means of a number of ex-
periments that dehydration by draught alone was sufficient to explain the mum-
mification process. They carried out experiments with pieces of raw meat in pipes
through which stronger or weaker air streams flowed as a result of orienting the
pipes in different directions. Without a sufficient air flow the meat would rot,
whereas mummification would take place when the air-flow was sufficiently
strong. No additional causes, such as earth rays, turned out to be required for the
mummification process: a clear application of Ockham’s razor.
Experiments with dowsers
Even before the Executive Group had begun its investigations, Mieremet had al-
ready visited Clay and Van der Tweel at the Physical Laboratory in Amsterdam.
Within three quarters of an hour Mieremet had managed to detect beams of earth
rays in a number of completely different places. In the same laboratory, Van der
Tweel and Euwe had already performed experiments with a number of dowsers,
who all claimed to be able to detect magnetic fields and radioactivity. Their results
were no different from those achieved by purely guessing.
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The aim of the main series of experiments was to reach controlled and repro-
ducible results. Most of the dowsers were honest men, completely convinced of
their gift of detecting earth rays. They cooperated con amore with the members of
the Executive Group. Under the guidance of Van der Tweel and Kingma Boltjes, a
number of experiments were done in a 30-metre long corridor in the Laboratory
for Microbiology in Amsterdam (Laboratorium voor Microbiologie). Lines with inter-
vals of 1 metre were drawn on the corridor floor. The dowsers walked up and
down the corridor a few times and the points at which their rod turned were duly
noted. Even in these simple experiments considerable differences were noted be-
tween walks, with respect to the points of rod action. There was no clear reprodu-
cibility. Some dowsers made their rods move at cracks in the floor, so they could
easily remember the places of rod action during the following round. A few dow-
sers were prepared to walk the corridor blindfolded, using a rope on the floor to
feel the middle of the corridor. Their results were even worse. A third experiment
was done in a closed moving cart. By means of different accelerations during the
first few seconds, followed by a constant speed along most of the corridor before
braking, experiments could be done with different constant speeds unknown to
the dowsers. Only one dowser was prepared to sit in the cart. There was no repro-
ducibility at all when the rod movements along the corridor were compared at
different speeds. Kingma Boltjes and Van der Tweel were very probably convinced
beforehand that no proof whatsoever of the special faculties of the dowsers would
follow from their experiments. They appear to have had a jolly time, although,
during their experiments, they had to keep a straight face and keep themselves
from bursting into laughter sometimes.
These experimental results, however convincing, did not put a stop to the
dowsing practices. According to the Committee’s Report, not a single dowser
stopped his activities as a result of the experiments, even after having admitted
their complete failure. In fact, it was even worse: In spite of their failure, some
dowsers now advertised their services in the press, using the factually truthful
phrase that their dowsing work had been ‘scientifically examined’.
The tedious process of writing the Reports of the Committee and
the Agricultural Group
The Committee Report
Just as the formation of the Committee and the Executive Group had been te-
dious, so was the process of writing the Reports in a form that was accepted
unanimously by the members. In June 1953, Clay wrote to the Academy that all
the work had nearly been completed [8/06/53;A]. However, the Agricultural
Group was not ready, which caused delay. Moreover, the research by Heyn, of the
Study Society for Psychical Research, appeared to have led to different results, but
187
effective contacts proved impossible. Another reason for delay was the Commit-
tee’s decision to investigate a new type of textile – with the brand name parabeam
– that supposedly protected against earth rays. The manufacturer postponed the
investigation again and again. Eventually, the manufacturer took the material off
the market, after the Committee’s actions had provided its management with bet-
ter insight. [28/01/54;A].
In all, it took much time to send the first draft of the Committee Report to the
members. Minnaert, who was perhaps the only member to take the work ex-
tremely seriously,19 was angered by the delay. His anger was probably caused in
part by Van der Tweel’s refusal to visit yet another dowser in the city of Helmond
(in the South of the Netherlands), because he believed it would not lead to any-
thing new. Minnaert was of the opinion that the investigation had to be comple-
tely unbiased. He advised Clay to withhold the regular fee for Kingma Boltjes and
Van der Tweel, as long as they did not do their work properly [19/09/53;T]. Even-
tually, the draft Report of the Committee was distributed for comments. Minneart
reacted in a letter to Van der Tweel [6/11/53;T]. He agreed with the contents, but
objected seriously to the form of presentation. He was of the opinion that, to
avoid the impression of prejudice, the report should start with a description of
the experiments, followed by the results, instead of starting off with the results.
He also noted shortcomings in the list of documentation and literature. At the
end of November, the Committee met to discuss a revised version [28/11/53,07/
01/54;T], a meeting at which Van Daalen from the Agricultural Group was also
present. Minnaert was ill, but his suggestions were followed, for the most part. A
day before the meeting he sent Clay a supplementary proposal to invite Mieremet
for another set of experiments [27/11/53;T], whose results, in his words, could
create trust in science and could only reinforce the negative Committee conclu-
sions. Mieremet, as the best-known dowser, would be the right candidate for
these experiments. The proposal by Minnaert, who was full of praise for the Com-
mittee’s work, was directed against Van der Tweel, who considered any further
investigations nonsense. Another round of remarks was decided upon, but even
the next version [05/02/54;T] could not satisfy Minnaert. As he wrote to Van der
Tweel, he had insurmountable objections to the fact that the results were men-
tioned before the experiments [09/02/54;T]. Van der Tweel must have exploded
with anger and wrote back immediately. Again and again everything had to be
changed, Van der Tweel complained to Minnaert. In a letter to Clay on the topic,
he maintained [11/02/54;T] that the Report should stay as it was. After all, at an
earlier stage even Minnaert himself had argued that readers should be able to
gain a general impression without having to read the entire Report [10/02/54;T].
In the end, Van der Tweel sent Minnaert the final version of the Report by way
of Clay. Minnaert made a last attempt to influence the order of the Report, this
time writing directly to Clay ‘not to start by trumpeting the results’ [20/02/54;T],
but without success. In the final Report the four main conclusions appeared pro-
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minently on the first page. Later in his life, Van der Tweel would recall Minnaert’s
stubbornness, in spite of his enormous admiration for Minnaert’s many talents,
saying: ‘But basically he was not responsive to arguments: he could not accept
being contradicted.’20
The Agricultural Report
Contrary to the original plans, no joint Report by the Committee and the Agricul-
tural Group was ever written. The Report from Wageningen was so different in
purpose from the one written in Amsterdam that Van Daalen proposed to publish
the two Reports separately. He had written his Report more as reading matter for
farmers [04/11/53;T] than as a report on research. Chairman Oort sent the Wa-
geningen Report to Clay with a request for critical remarks [01/03/54;T].
Another reason to publish separately was the fact that Wageningen was defi-
nitely later than Amsterdam, and there was considerable pressure to publish the
Committee Report as soon as possible. Already in 1952, Clay had aired very nega-
tive opinions in the press, claiming that the powers of dowsers were based on
fiction and the workings of protection boxes on superstition, as Van Daalen wrote
to Van der Tweel [11/03/54;T].21 That had caused one of the dowsers to refuse
further cooperation. Others were only persuaded to cooperate by not mentioning
the Academy as the source of the assignment. In the end, the Agricultural Report,
with some changes at the request of the Amsterdam Committee, appeared around
June 1954, not all that much later than Clay’s. The conclusions were also comple-
tely negative [02/05/54;T]. The Report advised farmers to take no notice of the
hypothetical earth rays that had never been demonstrated to exist.22
Meanwhile, the lengthy procedures had led to changes in the Wageningen
Group: new members were F.W.G. Pyls and D.A. de Vries. The Agricultural Re-
port would also appear as a publication of the Royal Netherlands Academy of Arts
and Sciences, but not until Professors D. van Dantzig and J. Hemelrijk, from the
Mathematical Centre (Mathematisch Centrum) in Amsterdam, were asked to take a
thorough look at the statistical calculations [14/07/54;A]. This caused Van Daalen,
the Group’s Secretary, considerable annoyance as he expected unnecessary theo-
rizing and more delay. He turned out to be right: correspondence about it went
on well into 1955, even after the Committee had formally been liquidated. This
statistical check is remarkable, especially given the fact that, in its own Report,
the Committee had not used a single statistical calculation.
Conclusions of the Reports
The Amsterdam and Wageningen Reports were both published in the Reports of
the regular Sessions of the Department of Physics of the Royal Netherlands
Academy of Arts and Sciences.23 As mentioned earlier, the Committee Report
was made public during a press conference on 13 May 1954. Its four main conclu-
sions were:
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Not in a single instance during the investigations did the dowsing rod prove
its validity as a means of discovery of known or unknown phenomena;
The existence of so-called earth rays has, in no case, been demonstrated or
even made plausible;
Convincing evidence has been presented of the uselessness of the examined
apparatuses for the destruction of the so-called earth rays, or for the
neutralization of their influence;
It is desirable that the government offers protection against the activities of
manufacturers of so-called anti-earth ray apparatuses, in particular if these
activities are in the field of medicine.
In the concise survey by the Agricultural Group in Wageningen of the results of
the research into the importance of the dowsing rod for agriculture, the final
conclusion consisted of a recommendation to farmers, horticulturists and fores-
ters. They were advised not to take any notice of the hypothetical earth rays,
which had never been demonstrated, and not to attach any value to:
Dowser research;
The use of protection boxes;
Removal of earth rays from estates and buildings.
Both Reports agreed in their negative conclusions regarding the existence of earth
rays and protection appliances. M.W. Woerdeman, Secretary of the Department
of Physics of the Royal Netherlands Academy of Arts and Sciences wrote a letter
to the Minister of Education [24/03/54;T] stating that there was definitely a ques-
tion of an ‘evil’ and that the government should take a ‘militant attitude’ in this
respect. The Committee was willing to create extensive publicity about these
abuses in the press.
Nevertheless, among considerable parts of the population the publication of
the Reports did not succeed in diminishing the belief in earth rays to negligible
proportions. On the contrary: as was mentioned earlier, dowsers quite frequently
advertised their services as having been the subject of scientific research. The
Committee was well aware of this fact. At the end of the Report the Committee
wrote that a great number of people would probably persevere in their belief in
dowsing rods and earth rays, in spite of all scientific evidence against it. Still, the
Committee did not consider it sensible to put more time into research.
Rounding off the activities by the Committee
Formally the Committee had already been liquidated on 27 February 1954 [05/06/
54;A]. At the beginning of 1955, Van der Tweel wrote a report on the final activ-
ities of the Committee and the Executive Group [30/03/55;A]. These ongoing ac-
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tivities consisted of contacts by Minnaert and Van der Tweel with Mieremet about
his publication on Geiger-Müller counters, the publication of the final Report of
the Agricultural Group, and activities to spread their results in agricultural circles.
At Clay’s request, the Committee’s administrative secretary, Mrs. De Raadt,
settled the Committee’s financial matters. Once her report was finished, she sent
it to Clay – who had meanwhile fallen ill – wishing him a quick recovery. (Clay
died in 1955). In the financial report she writes that the two main investigators,
Kingma Boltjes and Van der Tweel, each received a fee of 500 Dutch guilders
every six months, and Mrs. De Raadt herself received 250 guilders. Van der Tweel
had also asked for 250 guilders for car expenses for a visit to Helmond, possibly,
among other things, to pay for the visit to the dowser that Minnaert had sug-
gested.
Later developments
One week after the press conference about the Committee’s Report, serious alle-
gations by Tromp appeared in the press against the ‘thoroughly biased’ Commit-
tee.24 Tromp’s anger was directed in particular at Committee Chairman Clay and
investigator Van der Tweel. They were accused of already having expressed them-
selves negatively about dowsing and earth rays before the formation of the Com-
mittee in 1948: they had spoken of ‘absolute nonsense’. Though – on the basis of
research – Tromp had come to the conclusion that protection boxes were useless,
he was convinced of the existence of the rod reaction. In addition, he still had a
bone to pick with them after their scathing reviews of his book that had appeared
in 1949. He also wrote an extensive complaint to the Royal Netherlands Academy
of Arts and Sciences, stating that their method was bound to lead to negative
results, that they had never done any field research, and that the Report was all
rubbish [20/05/54;T]. Tromp was also angered by the fact that he, who had done
research in the field for so long, had not been involved at all in the Committee’s
research. Van der Tweel considered it appropriate to write a reaction to the
Academy: the Committee and Executive Group had decided, right at the begin-
ning, not to contact Tromp at all [24,26/06/54;T,A], and he had no intention
whatsoever of doing so now.
Mieremet was also quick to respond to the Committee’s results. He gave a
press conference that was reported in the Algemeen Handelsblad. Van der Tweel was
enraged by the newspaper’s conclusion that the final word about earth rays had
not yet been said. ‘As if it is a debate between equivalent parties,’ he fulminated in
a letter to the Royal Netherlands Academy of Arts and Sciences [28/05/54;A] in
which he asked the Academy to request a rectification by the newspaper.
Even worse was the criticism by O.J. Cleveringa (1919-1979), a former Inspector
of Agriculture [13/12/55;A]. After his retirement from the Ministry of Agriculture
he sought publicity as a full-blown supporter of the earth ray theory.25 Through
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his private research he had come to the conclusion that earth rays could be mea-
sured accurately and were the universal cause of all diseases of soil, plants, ani-
mals and human beings. The completely opposite conclusions by the Committee
clearly resulted from their rationalism and from being completely alienated from
nature. The personal incompetence, and perhaps even the untrustworthiness and
dishonesty of the Committee and Group members were obvious, according to
Cleveringa. He tried to prove his point by noting that ‘man should be born a
researcher’, and that ‘being appointed as a researcher is not enough’. He went on
to remark that the investigation was the ‘worst botch-job’ in years that he had
seen ‘being served by the rationalistic kitchen’. Apparently, the Committee did
not respond to his complaint: some of its members must have thought that, in
the end, the battle against stupidity is a hopeless fight.
There were other reactions as well. J.P. Schravendijk wondered in the 10 No-
vember 1954 issue of the Journal of the Society against Quackery (Orgaan van de
Vereniging tegen de Kwakzalverij) what effect might be expected from the Report. At
an auction, Van Schravendijk had bought a Poverni protective box and, after
opening it, he found only a piece of zinc, a few frames glued to the sides and
three crossed copper wires. This was hardly a convincing apparatus to effectively
protect against supposedly dangerous rays. Yet, the newspaper articles that had
been published until then, led him to the preliminary conclusion that the public
took little account of respectable research on this topic: there was a negligible
difference between the content of the articles before and after the Committee Re-
port. As a matter of fact, the huge press coverage appeared to create even more
interest in the working of earth rays. Van Schravendijk was planning to write a
dissertation about the spread of the belief in earth rays, together with the Profes-
sor of Press Sciences in Amsterdam, S.K. Baschwitz. He wanted to explore the
opinions of the Dutch by means of a questionnaire, and corresponded with the
Committee [15/04,17,20,27/11/53;T] to discuss it. After the initial objection that
dowsers might use the investigation for their own publicity, the Committee sup-
ported Van Schravendijk’s subsidy request, which, in the end, was unsuccessful
[07/01,20/02/54,30/03/55;T].
Even the Dutch Prime Minister, Willem Drees, showed a professional interest.
He had received questions from members of the Dutch Lower House (Tweede Ka-
mer) about protection boxes after Van Daalen, from the Agricultural Group, had
testified at the Leeuwarden Court. Van Daalen asked the Academy to send the
Prime Minister personal copies of the two Reports [25/04/55;A], which had al-
ready been sent to the Government earlier.
Abroad the Report also aroused some attention. In a letter to the Royal Nether-
lands Academy of Arts and Sciences, the Minister of Foreign Affairs conveyed
information from the Dutch Ambassador in Budapest that the so-called ‘Eötvös
pendulum’ could track minerals and oil. The Academy forwarded the information
to its Departments of Physics and Geology [01/09/54;T]. Loránd Eötvös (1848-
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1919) had experimented extensively with the earth’s gravity field and he was able
to measure tiny differences in the strength and direction of the field at great
depths. Differences in density pointed to rock formations or oil supplies. These
measurements could be replicated and were no dowser nonsense, but part of reli-
able physical science.
Minnaert defended the Report against a critical paper by the geologist F.J. Fa-
ber. In the weekly The Engineer (De Ingenieur), he claimed that, although the in-
vestigations by the Clay Committee had been performed correctly, even they did
not offer definitive proof that earth rays did not exist. According to Faber, the
question of the existence of earth rays still remained unresolved, even after the
Report. Minnaert showed in his reply26 that with this type of reasoning you could
question the existence of all kinds of made-up rays, such as ‘Sirius rays, meteor
rays, or copper rays’. Then you could demand scientific research to prove the rays’
existence, and as long as it was not proven definitively, the question would re-
main unresolved.
In 1962, there was commotion again. The Dutch Journal of the Society against
Quackery (Orgaan van de Vereniging tegen de Kwakzalverij) wrote that the dowser Jo-
hannes Bron had sold more than 1200 protective boxes for sometimes as much as
2500 Dutch guilders apiece.27 On 1 July, he was planning to destroy the mummi-
fied corpses in the church in Wieuwerd with a bombardment of electrons. In an
interview the now retired Secretary of the Agricultural Group, Van Daalen, looked
back on the history of the Committee.28 He said that he was not prepared to go to
Wieuwerd, because ‘nothing, absolutely nothing’ would happen there. Eventually
the ‘bombardment’ was called off.
Concluding remarks
In all, the activities of the Committee and Executive Groups had taken more than
six years. A fair proportion of that time had been spent assembling the three
groups, and writing, checking, and cross-checking the Reports. The quality of
the investigations was of a high scientific standard. In retrospect, it may be con-
sidered a great advantage that no parapsychologist was taken on board as a mem-
ber of the Executive Group. The investigations would probably have been slowed
down indefinitely by differences of opinion about scientific values and stand-
points.
Of many, if not all, of the members of the Committee and the Groups, it is
evident that, beforehand, they believed that dowsing, earth rays, and protection
devices belonged to the domain of quackery. Yet, they did their research accord-
ing to proper scientific standards. As mentioned earlier, Kingma Boltjes and Van
der Tweel must have had hilarious moments when the dowsers, with or without
blindfold, on or off a trolley, thought they repeatedly measured earth rays in dif-
ferent places. The meetings at which the Reports were discussed must also have
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had their moments of hilarity. On the other hand, some members must have
cursed the earlier quoted remark by Brouwer in a letter to the Minister of Educa-
tion that some of Tromp’s ideas were worth investigating. They surely felt that
they had better things to do.
Admittedly, the results of the investigations by the two Groups did not have
great influence in the end. Negative public remarks on earth rays and dowsers by
Clay and other members, even before the research started, may have played a role.
They may only have served to strengthen the impression among believers that the
scientific establishment’s attitude regarding parapsychological and supernatural
phenomena was biased. Fact is that the belief by many people in such phenomena
cannot be banished by thorough scientific research. Even now, in 2013, the Inter-
net is rife with hundreds of sites where dowsers and connoisseurs of earth rays
propose the dowsing of houses and offer help in curing almost every disease
known to man. Very little seems to have been done with the advice of the Com-
mittee to the Government: to protect the public against dowsing activities, espe-
cially in the medical field. The responsible government officials apparently con-
sidered it an uphill battle that was bound to fail.
Personal note
With great pleasure I have agreed to the request to write a contribution to this
farewell collection in honour of Anne Kox. Our friendship dates from 1969, when
we shared an office in the Institute of Theoretical Physics, then located at Valcke-
nierstraat in Amsterdam, where we were preparing for our final university exam-
inations. We both wrote our dissertations with Sybren de Groot as our advisor. In
recent years, Anne has advised and helped me several times with a number of
investigations in the field of the history of science. I am very grateful to him for
his support.
In 2009, a few folders with letters and documents from the legacy of Henk van
der Tweel came into the possession of radiation physicist Henk Venema, via his
colleague Jan Strackee, who wanted to throw the folders into the paper shredder.
Venema has been my friend and fellow student in physics since 1964. After Vene-
ma died suddenly in 2011, his children gave the Van der Tweel folders to me, as
well as a Mieremet protection box that Henk and I had bought on a beautiful day
of cycling somewhere in the province of Drenthe, a trip accompanied by much
laughter and beer. I had planned to write a summary of the activities of the Clay
Committee and, as Ad Maas suggested, Anne’s farewell book is an appropriate
opportunity to do so.
Apart from some secondary literature, I have used the archive of the Committee
at the Trippenhuis, the home of the Royal Netherlands Academy of Arts and
Sciences in Amsterdam, and the Van der Tweel folders. Furthermore, I explored
the archives of Clay and Kingma Boltjes in the North-Holland Archive in Haar-
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lem, the Clay Archive in the Museum Boerhaave in Leiden, and the archive of the
International Institute of Social History (Internationaal Instituut voor Sociale Geschiede-
nis – IISG). These archives contained little additional information. I thank Ad
Maas for his valuable suggestions, Godelieve Bolten of the North-Holland Ar-
chive, Joeri Meijer of the Academy, and Monique van der Pal of the International
Institute of Social History for their help, Ria Koene for her textual improvements
and for checking the English text, and Jan de Jong, a former student of Clay’s, for
a few reminiscences.
The closed wooden Mieremet box mentioned earlier, obtained through Mr.
Bolt in Winschoten, measures 36cm x 21cm x 11cm. In the bottom, the following
text has been burned: Serial number 220; Range 20 m; Type A1; POVERNI; Legal-
ly submitted No. 71168; Patent application pending No. 86764; J.F. Mieremet
Wassenaar. When I opened it with a saw, it turned out to contain six small metal
rods in wooden frames and eight small slabs, made of various metals (copper,
brass, zinc) and synthetic (?) materials, measuring 3.5cm x 3.5cm. The box now
sits on my desk to support the computer monitor, reminding me sometimes of
the apocryphal remark by Niels Bohr to a colleague pointing in disbelief to a
horseshoe hanging over the door to Bohr’s room: ‘They say it works, even if you
don’t believe in it.’
Fig. 1 – Sybren R. de Groot
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Fig. 2 – Henk van der Tweel
Fig. 3 – Poverni-box, opened
Notes
1. The basic material for this article consists of a folder with letters and documents from
the archive of the Royal Netherlands Academy of Arts and Sciences and several folders
from the personal archive of L. Henk van der Tweel [VDTW], in the possession of the
author, which will be deposited in the North-Holland Archive (Noord-Hollands Archief)
in Haarlem. Van der Tweel worked for Clay during the Clay Committee’s
investigations into dowsing. In the running text, references to these letters and
documents are put between square brackets, as follows: [ddmmyy;A] or [dd/mm/yy;
T], with ‘dd/mm/yy’ denoting date/month/year, ‘A’ the Academy archive and ‘T’ the
Van der Tweel folders.
2. The Dutch papers Algemeen Handelsblad, 14 May 1954 [VDTW], Nieuwe Rotterdamse
Courant, 14 May 1954 [VDTW].
3. Van Berkel (2011).
4. Gardner (1957), pp. 101-115.
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5. Dowsing originally meant divining.
6. Gardner (1957), pp. 102.
7. Zorab, G. (1950), pp. 91. The parapsychologist Zorab (1898-1990) was the Secretary of
the Dutch Study Society for Psychical Research. He was convinced that paranormal
gifts moved the rods and believed that Von Pohl’s Physical earth rays were a fantasy.
8. Potentiaal Verschillen Nivelleren (English: Levelling Potential Differences).
9. Tromp (1949).
10. Dutch: Commissie tot Onderzoek van het Wichelroede- en Aardstralenprobleem.
11. Friesland is a province in the Northern part of the Netherlands.
12. See also Van Delft is this volume.
13. Maas (2001); Maas (2005).
14. Letter of seed merchant N. Zwaan from the town of Enkhuizen.
15. Casimir (1983); see also Maas in this volume.
16. Strackee-Kater et.al. (1999).
17. Michels (1951), pp. 374-380.
18. Clay et.al. (1950), pp. 1661-1662.
19. Molenaar (2003), pp. 363-365.
20. Molenaar (2003), pp. 393-394.
21. Algemeen Handelsblad, 15 October 1952; Annual Report of the RNAS, 1951-52.
22. Algemeen Handelsblad, 3 June 1954 [VDTW].
23. Verslag van de gewone vergadering van de Afdeling Natuurkunde, 20 March 1954,
volume LXIII, number 3 and 24 April 1954, volume LXIII, number 4.
24. Algemeen Handelsblad, 21 May 1954 [VDTW].
25. Maandblad van de Vereniging tegen de Kwakzalverij (Monthly of the Society against
Quackery), volume 71, number 1, January (1956).
26. Minnaert (1955) [VDTW].
27. Orgaan van de Vereniging tegen de Kwakzalverij, 77, nr. 1 (1962).
28. Emeis jr. (1962).
References
Casimir, H.B.G. (1983). Haphazard reality – Half a century of science. New York: Harper & Row.
Clay, J., & H. van der Tweel (1950). ‘Psychische physica’. Nederlands tijdschrift voor
geneeskunde, 94, nr. 23, pp. 1661-1662.
Emeis jr., M.G. (1962). ‘Gooi uw geld niet in het BRON-water!’ Orgaan van de Vereniging tegen
de Kwakzalverij, 77, nr. 8.
Gardner, M. (1957). Fads & fallacies in the name of science. New York: Dover Publications Inc.
(First published 1952), pp. 101-115.
Maas, A.J.P. (2001). Atomisme en individualisme. De Amsterdamse natuurkunde tussen 1877 en
1940. Hilversum: Verloren.
Maas, A. (2005). ‘Institutionalised individualism: Amsterdam physics between the World
Wars’. Centaurus, 47, pp. 30-59.
Michels, F. (1951). ‘Das Problem der Wünschelrute. Wünschelrute, Erdstrahlen, Prüfung durch
wissenschaftliche Kommission’. Strasse und Verkehr, Band 37, nr. 12, pp. 374-380 [VDTW].
197
Minnaert, M. (1955). ‘Over wichelroede en aardstralen’. De Ingenieur, 67, nr. 2.
Molenaar, L. (2003). De rok van het universum. Marcel Minnaert astrofysicus 1893-1970.
Amsterdam: Balans, Van Halewyck.
Strackee-Kater, A., & M. van der Tweel (eds.) (1999). Van hoofd en hart, Henk van der Tweel
1915-1997. Amsterdam: Stichting Van Hoofd en Hart.
Tromp, S.W. (1949). Psychical physics. A scientific analysis of dowsing, radiesthesia and kindred
divining phenomena. Amsterdam: Elsevier Publishing Company, Inc. (‘Radiesthesia’ is
dowsing with a small pendulum, instead of a rod).
Van Berkel, K. (2011). De stem van de wetenschap. Geschiedenis van de Koninklijke Nederlandse
Akademie van Wetenschappen, deel II: 1914-2008. Amsterdam: Bert Bakker.
Zorab, G. (1950). Wichelroede en 'aardstralen'. Amsterdam: G.W. Breughel.
198
11 Amsterdam memories
Roger H. Stuewer
Anne Kox invited me to be the third Pieter Zeeman Visiting Professor of the His-
tory of Modern Physics at the University of Amsterdam, in succession to Martin J.
Klein and Peter M. Harman, for the months of October and November of 1998. I
was honoured and delighted to accept Anne’s invitation, which I was able to do
because I was then in the middle of a five-year phased-retirement arrangement,
so I could be away from the University of Minnesota for those two months.
I arrived at Schiphol airport in the early morning of Friday, 2 October, where
Anne met me, drove me in his car to the apartment on the Quellijnstraat (close to
the Heineken brewery) that he had arranged for me, and helped muscle my two
heavy bags (filled mostly with books) three stories up a narrow staircase to the
apartment, which left both of us panting for breath. That, however, did not pre-
vent Anne from inviting me for dinner that evening with his wife Henriette Schatz
and their daughter Laura at their house on the Valeriusstraat. No one could have
experienced a warmer and more gracious introduction to Amsterdam than I did.
I felt immediately at home at the University of Amsterdam, because both Anne
and I, as historians of physics, had essentially identical academic appointments,
he in Amsterdam’s Institute for Theoretical Physics and I in Minnesota’s School
of Physics and Astronomy. Moreover, it was immediately obvious to me that San-
der Bais, Director of the Institute, was providing Anne the same strong profes-
sional and intellectual support that Morton Hamermesh, Head of our School of
Physics and Astronomy, and his successors were providing me. This extended to
Anne’s and my other colleagues, and to our secretaries, who joined in creating for
us a wonderfully warm and welcoming departmental atmosphere.
I lectured on the history of quantum and nuclear physics prior to the Second
World War for two hours each Monday afternoon, for eight weeks from 5 October
to 23 November. I usually had around 15-20 auditors, ranging from students in
physics to a retired physicist from Apeldoorn, where Wilhelm Conrad Röntgen
had lived for a time as a child. Each Monday morning I made multiple copies of a
variety of handouts to distribute in class, where I also showed many 35mm slides
to illustrate my lectures, including ones I had taken on my travels to cities and
sites of significance in the history of physics. It was a most enjoyable and richly
rewarding teaching experience.
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Fig. 1 – The beautiful purebred British Blue cat Dorus
On Saturday, 8 November, my wife Helga joined me in Amsterdam, so on the
following Monday evenings both she and I now enjoyed Anne and Henriette’s
gracious hospitality. They treated us royally: Before dinner, over several rounds of
chilled Jenever, we learned of Laura’s love of polar bear pictures, and we were
nuzzled by their beautiful British Blue cat Dorus (figures 1 and 2). Further enjoy-
able conversation and warm companionship followed during a splendid dinner
and excellent wine. Much later, our hearts melted when Anne told us that Dorus
had got into a fierce fight outdoors and had developed an abscess that required
lancing and some twenty stitches to repair.
Fig. 2 – Henriette and Laura holding Dorus
It did not take me long to embrace the Dutch, with their long tradition of toler-
ance, and to love their wonderful city of Amsterdam. I immediately bought (as did
Helga after she arrived) a monthly transit pass, and got the lay of the land by
hopping on Circle Tram 20 at Central Station, which passed many historic sites
to be visited later: the magnificent Royal Palace, the impressive Amsterdam His-
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torical Museum, the unforgettable Anne Frank House (figure 3), the fabulous
Vincent van Gogh Museum, the moving Jewish Historical Museum, the extraor-
dinary Rijksmuseum, and the beautiful Maritime Museum. Later, we toured the
historic seventeenth-century canal houses, including the clandestine Church of
Our Lord in the Attic (Ons’ Lieve Heer op Solder), the Amstelkring Museum, the Rem-
brandt House where the artist lived and worked from 1639 to 1658, the Willet-
Holthuysen House, the Van Loon House, and the Biblical and Theatre Museums.
Still later, Anne took me to the Holland Theatre (Hollandsche Schouwburg), site of
never-to-be-forgotten tragedy: In 1942-1943 Amsterdam’s Jews (among them
Anne Frank) were assembled there for transportation to Westerbork for further
deportation to Auschwitz and other extermination camps. One who survived in
hiding in Amsterdam was the future distinguished theoretical physicist Abraham
Pais,1 whom I had come to know well in the 1980s and 1990s.
Fig. 3 – Statue in front of the Anne Frank House at Prinsengracht 263
I made three weekend excursions outside Amsterdam, first to Haarlem where I
visited the Teyler’s Museum and Hendrik A. Lorentz’ and Pieter Zeeman’s graves.
I next went to Leiden where I visited Museum Boerhaave, and where the promi-
nent theoretical physicist Pierre van Baal (whom I had met when he had visited
Minnesota in the mid-1980s) took me to the lecture room where Paul Ehrenfest
had taught from 1912 to 1933, and where he had asked his many famous visitors,
including his friends Albert Einstein and Niels Bohr, to inscribe their signatures
on one of its walls. Then, after Helga joined me, we went to Utrecht and walked
around the University and other sites. I also made two foreign trips, first at the
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end of October to give a lecture at the University of Göttingen on Klaus
Hentschel’s invitation, and second with Helga in the third week in November to
give a lecture at the Niels Bohr Institute in Copenhagen on Finn Aaserud’s invita-
tion.
Helga and I also enjoyed the Amsterdam musical scene. We saw a performance
of The King and I at the magnificent Royal Theatre Carré. We loved the music and
acting, but the Dutch lyrics, regretfully, were beyond our ken. Earlier, on Satur-
day, 17 October, I went to a concert of the Dutch Philharmonic Orchestra at the
Concertgebouw, where I experienced my greatest surprise in Amsterdam. During
the intermission, I suddenly heard someone call out, ‘Roger!’ and turning around
I saw David Haviland and his wife Elisabeth. David had audited one of my courses
at Minnesota while working on his doctorate in condensed-matter physics under
my colleague and friend Allen Goldman. Then, after receiving his PhD degree in
1989 and holding postdoctoral positions at the Chalmers University of Technol-
ogy in Gothenburg, Sweden, he was appointed Professor of Nanostructure Phys-
ics at the Royal Institute of Technology in Stockholm in 1997. He and Elisabeth
were now in Amsterdam to celebrate their tenth wedding anniversary. After the
concert, over beer and a snack, we enjoyed recalling old times at Minnesota.
That was not my only reminder of Minnesota while in Amsterdam. In Novem-
ber, I was struck once again by the abiding independence of Minnesota voters
when Jesse Ventura, a former US Navy SEAL and professional wrestler, was
elected Governor of the State. Our son Marcus hit the nail on its head when he
sent me an e-mail saying, ‘Guess what we’ve done now, Dad!’ It turned out that
actually Ventura was not a bad governor – among his accomplishments was se-
curing public funds to construct a light-rail tram line from downtown Minneapo-
lis to the Minneapolis-St. Paul International Airport, which since then has been
expanded throughout and beyond the Twin Cities metropolitan area.
The most demanding of my continuing ties to Minnesota, however, was my
editorial work for the journal Physics in Perspective, which my longtime friend John
S. Rigden and I had just founded. Its first issue was scheduled for publication in
March 1999, so five months earlier, while I was in Amsterdam, we were assem-
bling its Editorial Board and scrambling for manuscripts. Since I am a computer
ignoramus, I was deeply grateful to Anne (figure 4) for setting up a computer and
internet connection for me in my office in the Institute for Theoretical Physics,
where (when I was not teaching on Mondays) I kept my secretary in Minnesota
busy with all sorts of jobs associated with the impending birth of this scholarly
baby.
202
Fig. 4 – Anne standing beside a bust of Pieter Zeeman in the Institute for Theoretical Physics
The most memorable event I experienced in Amsterdam occurred on Wednesday,
11 November , when on Anne’s invitation I gave my Inaugural Lecture as Zeeman
Visiting Professor of the History of Modern Physics. Such a lecture, of course, was
entirely outside of my earlier academic experience. I chose as my title, ‘History as
Myth and Muse,’ prepared my lecture, and delivered it in the Aula of the Univer-
sity at Singel 411 in central Amsterdam. Anne joined me in donning the impres-
sive academic garb (figure 5), and I then walked to the podium (figure 6), where –
to my great surprise and delight – I saw in the audience Hendrik B.G. Casimir,
then probably the most distinguished living Dutch physicist, and his wife, Josina
Jonker.
Helga and I had come to know the Casimirs quite well eighteen years earlier, in
1980, when I had invited Casimir to give a series of six lectures over a two-week
period in Minnesota’s School of Physics and Astronomy. His marvellous lectures
were, in many ways, the highlight of the academic year. One of the endearing
stories he told was that after Niels Bohr had invited him to stay on in Copenhagen
following the first conference at the Bohr Institute in April 1929, his father, won-
dering if Bohr really was as famous as his son had claimed him to be, sent him a
letter addressed simply to ‘H.B.G. Casimir, [c/o] Niels Bohr [Denmark]’ – which
the Danish Post Office had delivered without delay, just penning on the envelope
ϕ for ϕsterbro, the Copenhagen district in which the Bohr Institute is located.
203
Fig. 5 – Anne and me in academic garb prior to my Inaugural Lecture on 11 November 1998
Fig. 6 – Delivering my Inaugural Lecture on 11 November 1998
I treasure the transparency on which Casimir sketched this envelope and gave to
me (figure 7), along with all of the other transparencies he showed in his lectures
– lectures that formed the basis of his 1983 autobiography, Haphazard Reality. At
one point in it Casimir remarked that in his life, ‘Things just ‘happened to hap-
pen’,’ to which he appended the following footnote:
Dr. Suess, The 500 Hats of Bartholomew Cubbins, final sentence. During a visit to
Minneapolis in 1980, thanks to the kind offices of Dr. and Mrs. Stuewer, my
wife and I could witness a remarkable performance based on this remarkable
book at the Children’s Theater.2
Following my Inaugural Lecture, Anne organized a splendid dinner for a small
group of people in the magnificent Hotel Schiller on Rembrandtplein (figure 8). I
sat next to Casimir at the table and took that opportunity to ask him about his
impression of Werner Heisenberg on his visit to Holland in October 1943; that is,
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Fig. 7 – Transparency of the envelope of the letter that H.B.G. Casimir’s father sent to him
around April 1929
eight months after the decisive defeat of the German army in the battle of Stalin-
grad. Casimir replied that Heisenberg was still convinced of an ultimate German
victory in the war.
Fig. 8 – Guests at the dinner in the Hotel Schiller following the author’s Inaugural Lecture.
(left to right:) known person, H.B.G. Casimir, me, Anne, known person, known person,
Helga, Mrs. Casimir
Helga and I loved dining in Amsterdam. We were constantly reminded of the
enduring legacy of the Dutch East India Company by the large number of Indone-
sian restaurants that served their delicious Rijsttafel. One particularly memorable
Rijsttafel that we enjoyed with Anne and Henriette was at the Mamak Den restaurant
on the Olympiaplein. Later, on Friday, 27 November, our stay in Amsterdam was
topped off by a grand dinner with Anne and Henriette and a number of Anne’s
colleagues in the aptly named Eerste Klas restaurant in the Central Station. Also
present – to our great pleasure – was Sheila Tobias, who earlier that day had given
a lecture at the Free University of Amsterdam on the techniques she pioneered to
overcome math anxiety in high school and college students in America. I also
learned a new facet of Dutch dinner etiquette there: It seemed to me that every-
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one’s wine glass was being refilled except my own, and when I gave a bewildered
shrug to the physicist sitting across from me, he pointed out that I was leaving a
small amount of wine in my glass, and that the waiter would not refill it unless it
was completely empty. I immediately solved that problem.
Anne’s invitation, in sum, opened up a new world to me. In fact, I count the
two months I spent in Amsterdam in October and November of 1998 as two of the
most intellectually stimulating and personally enjoyable months that I ever spent
in my academic career.
And there was a wonderful postscript. One year later, in December 1999, Anne
invited me to give a talk at a symposium celebrating the 50th anniversary of the
founding of the Institute for Theoretical Physics at the University of Amsterdam,
which I eagerly accepted. At the same time, Pierre van Baal somehow got wind of
Anne’s invitation and also invited me to give an Ehrenfest Colloquium at the Uni-
versity of Leiden. Thus, courtesy of Anne’s and Pierre’s invitations I was able to
add my signature to those already on a second wall that supplemented Ehrenfest’s
famous original wall of signatures (figure 9).
Fig. 9 – Signatures on the second wall that supplemented Ehrenfest’s famous original wall of
signatures at the University of Leiden
Notes
1. Pais (1997), Chapter 10, pp. 88-125.
2. Casimir (1983), p. 238, footnote.
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Material heritage of Dutch science
between 1850 and 1950:
Ten highlights from Museum
Boerhaave
Museum Boerhaave, the Dutch national museum for the history of science and
medicine, is one of the favourite museums of Anne Kox. Its collection includes,
among many other treasures, a considerable number of precious items related to
the Dutch sciences in the period between 1850 and 1950. This is approximately
the timespan covered by the papers in this volume. It also coincides with a re-
markably successful period in the history of the Dutch sciences in the decades
around 1900, often referred to as the Second Golden Age of Dutch Science. This
section presents ten highlights from the Museum Boerhaave collection connected
with this Second Golden Age. Some of these items also play a role in the chapters
in this volume.
1. Large meridian circle from the Leiden Observatory
Around 1850, Leiden astronomy professor Frederik Kaiser (1808-1872) was one of
the few Dutch scientists who had established an international reputation. Special-
ized in measuring the position of stars with great precision, Kaiser had acquired
fame with a remarkably accurate prediction of the orbit of Halley’s Comet, which
passed the Sun for the first time in 76 years in 1835 (see also Van Lunteren is this
volume). Assisted by a public fundraising campaign and supported by a powerful
political lobby, Kaiser managed to construct a new observatory at the University
of Leiden in 1860. The large meridian circle shown here and made in Berlin by
instrument-makers Pistor and Martins, took pride of place in the observatory. The
solidly anchored instrument could move on a north-south axis. It could be used to
determine the exact moment a star crossed the meridian as well as the altitude of
celestial objects.
2. Helium liquefactor used by Kamerlingh Onnes to produce liquid
helium for the first time
Professor of Experimental Physics at the University of Leiden, Heike Kamerlingh
Onnes (1853-1926) built from scratch a cryogenic laboratory that turned Leiden
into the ‘coldest spot on earth’ (see also Van Lunteren, Van Delft and Maas in this
volume). On 10 July 1908 Kamerlingh Onnes lived his finest hour when, with this
apparatus, he managed the long-awaited liquefaction of helium, the last gas that
had resisted such attempts by the experimenters. Onnes’ cryogenic apparatus had
to reach an all-time low temperature of -269˚C to conquer this ‘Mount Everest’ of
gases. Thanks to his liquid helium, he discovered superconductivity three years
later, and in 1913 he was awarded the Nobel Prize for physics. These achieve-
ments were Kamerlingh Onnes’ just reward for years of hard labour, but also for
his organizational talents and perseverance.
3. Van ’t Hoff ’s molecule models
These small cardboard models were used in 1875 by the young Dutch chemist
Jacobus Henricus van ’t Hoff (1852-1911) to illustrate his revolutionary ideas. Ac-
cording to him, molecules, which were normally represented by two-dimensional
structure formulas, should be considered as three-dimensional entities. Van ’t
Hoff showed that some molecules, although they appear to be identical on paper,
are in reality each other’s mirror images and show different chemical behaviour
as a result. Thus, Van ’t Hoff became one of the founding fathers of stereo chem-
istry. In 1901, he was awarded the first Nobel Prize in chemistry for his subse-
quent pioneering work in physical chemistry.
4. Einstein’s job application
In 1901, the young physicist Albert Einstein applied for a position as Assistant in
the Leiden physics laboratory. Director Heike Kamerlingh Onnes did not even
make the effort to reply to this completely unknown Swiss German applicant.
The reply card Einstein attached to his application letter ended up in the Kamer-
lingh Onnes Archives.
5. Einstein’s fountain pen
Albert Einstein used this Waterman fountain pen during the time he developed
his theory of general relativity, which was published in 1915 (see also Van Besouw
& Van Dongen in this volume). In 1921, he gave it to his close friend, the Austrian
physicist Paul Ehrenfest, who was Lorentz’ successor as Professor of Theoretical
Physics at the University of Leiden.
6. Hugo’s herbarium
Young Hugo de Vries was destined to become a jurist and follow in his father’s
footsteps. Hugo, however, had one passion only: plants. Once his father had re-
conciled himself to his son’s passion for plants and allowed him to pursue it,
Hugo grew into one of the founding fathers of plant physiology. His greatest
fame, though, he owed to his ‘mutation theory’ in which he tried to connect Dar-
win’s theory of evolution with genetics. This herbarium, dating from 1930, con-
tains specimens of the evening primrose, a species De Vries studied extensively.
7. Lorentz’ silver plate
This silver plate was presented to Hendrik Antoon Lorentz at the celebration of
the fiftieth anniversary of his doctorate in 1925. It is engraved with the autographs
of famous colleagues like Ernest Rutherford and Marie Curie.
8. ‘Eddington fand sternverscheidung am sonnenrand’
This telegram, sent to Einstein by Lorentz on 22 September 1919, marks a dra-
matic turn in Einstein’s life. During an expedition to observe an eclipse of the
Sun, the British astronomer Arthur Eddington had observed that the Sun bends
away the light of stars that skim along its edge. This was a powerful confirmation
of Einstein’s theory of general relativity that truly appealed to the imagination.
Einstein became world-famous instantaneously (see also Van Besouw & Van Don-
gen in this volume). As there was still no scientific contact between Great Britain
and Germany shortly after the war, it was Lorentz in the neutral Netherlands who
acted as a go-between and informed Einstein about the great news.
9. Cold salt in a giant magnet
This electromagnet, made by Siemens and Halske, was the second largest in the
world when it was installed in the Kamerlingh Onnes Laboratory in 1932. The
Leiden researchers had high expectations from the study of magnetism at low
temperatures and its Director Wander de Haas did manage to achieve several
spectacular new cold records with this magnet. When, after being placed in a
magnetic field and being cooled with liquid helium, certain salts are subsequently
removed from the magnetic field, their temperatures can drop to a few thousands
of a degree above absolute zero (see also Maas in this volume).
10. Broken colours
Pieter Zeeman owed his reputation to his discovery in 1896 of the interaction
between magnetism and light. Zeeman had analyzed the spectral lines of a heated
solution of table salt, which was placed between the poles of an electromagnet
and he wanted to investigate whether the position of the spectral lines changed
under the influence of the magnetic field. Zeeman did indeed observe that the
spectral lines broadened, or – as it turned out later – split into several compo-
nents. This Zeeman Effect was an important confirmation of Lorentz’ electron
theory, which was recognized in 1902 when the two scientists shared the Nobel
Prize for physics.
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